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NEW LIGHT ON THE GEOLOGY OF THE WASATCH 
MOUNTAINS, UTAH' 


BY ELIOT BLACKWELDER 


(Presented extemporaneously before the Society December 28, 1909) 


Introduction 
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Earlier investigations ....... 
Separation of Cambrian from Algonkian.............. 
Interpretation of the Algonkian quartzite-slate series. ... 
A non-marine member in the Mississippian limestone....... ssevee ares 
The red beds near Morgan........ 
The disappearance of the Weber quartzite.............. 
Previous studies ae 
Overthrusts in the vicinity of Ogden 
Transverse faults 
Quaternary ‘faulting .... 


INTRODUCTION 


During the past season the writer, in company with Mr. J. M. Jessup 
and Mr. M. A. Becher, from the University of Wisconsin, made a some- 
what detailed survey of parts of the mountains near Ogden, Utah, and 
were afforded glimpses of wider range both north and south. This paper 
will present in a disconnected way some of the more important results of 
the work. It can not lay claim to being a unified account of the geology 
of the range, for the opportunities of the party were not such as to permit 
a sufficiently comprehensive survey. The writer and his companions 


1 Published by permission of the Director of the U. S. Geological Survey. 
Manuscript received by the Secretary of the Society April 19, 1910. 
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fully realize that they have only scratched the surface in a highly fertile 
field of geologic study. 

The Wasatch Mountains, as defined by the U. 8. Geographic Board, 
comprises two distinct parallel ranges which are separated by depressions 
4 to 10 miles wide. The eastern range is often called the Bear River 
range or plateau. For the western portion, which flanks the Salt Lake 
plain, there seems to be no specific name. As it is the more conspicuous 
of the two ranges, it is here called the “Wasatch range proper.” The 
field of study on which this paper is based includes that part of the west- 
ern range which lies north of Weber River (near Ogden) as well as adja- 
cent parts of the Bear River plateau. 


STRATIGRAPHY 
PARLIER INVESTIGATIONS 


The general features of the geology of the Wasatch region have long 
been known from the reports of the King? and Hayden* surveys. No 
comprehensive general studies have been made since that time, but several 
geologists have investigated special problems, and thereby contributed 
important results. Walcott* has studied the Cambrian formations in 
both the main Wasatch and the Bear River ranges, and has divided them 
into many formations on the basis of abundant fossils. Weeks,® in addi- 
tion to his work in company with Walcott, has inspected the Paleozoic 
rocks at various points in both ranges, and has made the only previous 
reconnaissance of the Carboniferous phosphate deposits. Unfortunately 
most of his results are still unpublished. The work of Boutwell,® in the 
Park City district, southeast of Salt Lake City, is important for the light 
it sheds on the stratigraphy of the Carboniferous and early Mesozoic 
formations. ‘To him is due also a sounder interpretation of the complex 
structure of the central part of the Wasatch range. The existence in the 
Bear River range of Silurian and Devonian limestones identifiable by 


2U. S. Geological Exploration of the 40th Parallel, vols. i, 1877, ii, 1877, iii, 1878; 
and S. F. Emmons: Amer. Jour. Sci., 4th ser., vol. xvi, 1903, pp. 139-147. 

*U. 8. Geographical and Geological Survey of the Territories: Idaho and Wyoming. 
Fifth Ann. Rep., 1872, Sixth Ann. Rep., 1873, and 11th Ann. Rep., 1877. 

*C. D. Walcott: Cambrian faunas of North America. U. S. Geological Survey, Bulle- 
tin 30, 1886, pp. 38-39. 

Cambrian sections of the Cordilleran area. Smithsonian Miscellaneous Collections, 
vol. lili, 1908, pp. 167-230. 

SF. B. Weeks: Contributions to economic geology, 1906. U. S. Geological Survey, 
Bulletin 315, pp. 449-462. Also unpublished data. 

*J. M. Boutwell: Stratigraphy and structure of the Park City mining district, Utah. 
Journal of Geology, vol. xv, 1907, pp. 434-458. 
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CORRELATION TABLE 


Provisional Correlation Table 


Hague and Emmons, 


77. 


Boutwell, Kindle, Walcott, and 
others, 1880-1909. 


Period. 


Permo-Carboniferous 
shales and limestone 


Ankareh shale 
Thaynes formation 
Woodside shale 


Lower Triassic 
or Permian 


Upper Coal Measure 
imestone 


Park City formation 


Weber quartzite 


Weber quartzite 
Morgan formation 


Pennsylvanian 


Wasatch limestone 


Mississippian limestone 


Mississippian 


Ogden quartzite? 


Jefferson limestone 


Devonian 


Ute limestone 


Paradise limestone 


Silurian 


(Ogden quartzite) Shale and sand- 
stone at Geneva ® 
Box Elder limestone 


Ordovician 


Primordial slates 


Cambrian quartzites and 
slates 


Saint Charles formation 
Nounan formation 
Bloomington formation 
Blacksmith formation 
Ute formation 

9 § Spence shale 
Pioche shale fens limestone 
Brigham quartzite 


Cambrian 


Algonkian quartzites and slates 


Algonkian 


Archean 


Archean gneiss and schist 


Archean 


fossils has been shown by Kindle.’° 


7™Not correlated with Jefferson limestone, but supposed at first to be Devonian; later 


assigned to Ordovician. 


8 Existence of Ogden quartzite disproved. Geneva formation occupies about the same 


horizon the Ogden was supposed to have. 


*Langston and Spence members in Bear Lake district probably equivalent to the 


Pioche shale of Ogden region and southwestward. 


WE. M. Kindle: American Journal of Science, vol. xxv, 1908, pp. 127-128, and Bulletin 


of American Paleontology, Ithaca, vol. iv, 1908, pp. 14-18. 


"G. K. Gilbert: Lake Bonneville. 


Mountains of the Great Basin, same, vol. xlii, 1903, pp. 128-177. 


Girty and Stanton have studied the 
fossils of the Carboniferous and later beds, but the results are not yet 
available in print. On the physiographic side, the more important con- 
tributions have been made by Gilbert*’ and Davis'* on the subject of 


U. S. Geological Survey, Monograph I, 1890. 
2 W. M. Davis: The Wasatch, Canyon, and House ranges, Utah. Bulletin of the 
Museum of Comparative Zoology, Harvard Collection, vol. xlix, 1905, pp. 17-56, and 
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recent normal faulting and topographic development, and by Atwood'* 
on the glacial features. Mention is not made in this list of numerous 
smaller contributions, all of which have had their value. 

In the following pages the writer presents some additional information 
about Wasatch geology. It is to be hoped that so interesting and im- 
portant a region will not long await the thorough study which it deserves. 


SEPARATION OF CAMBRIAN FROM ALGONKIAN 


The earlier explorations of the Wasatch range revealed beneath the 
oldest fossiliferous rocks a great series of quartzites and slates, having an 
estimated thickness of 12,000 feet. Walcott found the Olenellus fauna 
at the top of this succession, near Salt Lake City, and recommended that 
the great quartzite series should be placed in the Algonkian system, since 
it lay beneath the Olenellus horizon. The series is best exposed in Big 
Cottonwood Canyon, south of Salt Lake City, but it appears also in a 
line of low mountains which extend from the upper canyon of Ogden 
River northwest to the town of Brigham. 

Up to 1909 no line of division had been found between the fossiliferous 
part of the Cambrian and the great mass of the quartzite-slate series. 
The geologists of the Survey of the 40th Parallel considered the entire 
succession conformable, and therefore called it all Cambrian. Walcott 
also regarded it as conformable, but applied the name Algonkian to the 
barren downward extension of the lower Cambrian. Two facts, however, 
suggest the existence of an unconformity within the quartzitic series: (1) 
The quartzite shows remarkable variations in thickness. Although 12,000 
feet thick in Big Cottonwood Canyon, it is less than 1,500 feet thick at 
Ogden, is at least 10,000 feet thick northeast of Huntsville, is again 1,000 
to 1,500 feet thick at Willard, and is several thousand feet thick at Brig- 
ham. These great fluctuations within short distances seem to demand a 
special explanation. (2) The conglomerate bands, of which there are 
many in the upper part of the quartzite series, contain more pebbles of 
quartzite than of all other rocks combined, and many of these quartzite 
pebbles bear a strong lithological resemblance to the bright-colored 
quartzites farther down in the supposed Algonkian. 

The writer was not so fortunate, however, as to find the unconformity 
exposed until, at the close of the season, he visited Big Cottonwood Can- 
yon. There, at a horizon roughly estimated about 1,500 feet beneath 
the top of the quartzite, a well marked conglomerate is exposed. It is 


13W. W. Atwood: Glaciation in the Uinta and Wasatch Mountains. U. S. Geological 
Survey, Professional Paper 61, 1909. 
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several yards thick and is composed of rounded pebbles, largely of 
quartzite, with occasional pieces of gneiss and vein quartz. The contact 
was found first in the bottom of the canyon, was traced 500 feet up the 
south slope, and was found again on the front of the range two or three 
miles north of the mouth of the canyon. Between the two sets of beds 
there is but little angular discordance, but as seen from the south slope 
of Big Cottonwood Canyon the contact gradually truncates the individual 


Cambrian 
Quarrzite 


and 


S/ate 


To/us 


Figure 2.—Diayram showing the Relations of the Cambrian and Algonkian Quartzites 


The locality is about 14% miles below the Maxfield Mine in Big Cottonwood Canyon. 
The diagram is made from a poor photograph 


layers of the underlying quartzite (see figure 2). The truncation of the 
beds may be inferred also from the relations of the conglomerate to the 
underlying rocks at different points. Thus, in the bottom of the canyon 
it lies on white quartzite ; several hundred feet up the south slope it lies 
upon hard gray shale, and still higher on quartzite again. In the locality 
on the front of the range the conglomerate rests upon purple and gray 
shales at the point examined, but evidently passes over upon quartzite 
higher on the spur. 
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Figure 1.—CONGLOMERATE OF QUARTZITE PEBBLES AT THE BASE OF THE CAMPRIAN QUARTZITE IN 
Big Corron woop CANYON 


Figure 2.—CAMBRIAN QUARTZITE RESTING ON ARCHEAN GNEISS AND OVERLAIN BY CAMBRIAN 
SHALE AND LIMESTONE AT WILLARD. THE SEQUENCE HERE IS UNBROKEN 


EXPOSURES OF QUARTZITE PEBBLES AND CAMBRIAN QUARTZITE 
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It seems clear, therefore, that there is an unconformity not far below 
the top of the great quartzite-slate series, and it will probably be found to 
have a much wider distribution than now known. It corresponds in a y) 
general way with the unconformities which separate the Middle Cam- 
brian from the Belt series of Montana and from the Grand Canyon series 
of Arizona. 

Just below the fossiliferous Cambrian shales and limestones there 
is a quartzite 1,000 to 1,500 feet thick. This quartzite rests now on 
the eroded surface of the Algonkian quartzite and slate, and now on 
the much older gneiss and schist which are generally referred to the 
Archean. Walcott has named it the Brigham quartzite, but it may be 
seen most clearly at places such as Ogden and Willard, rather than at 
Brigham. ‘The oldest fossils found in the shales are referred by Walcott 
to the Lower Cambrian. The Brigham quartzite may therefore be as- 
signed also to the early Cambrian** and the quartzites and slates beneath . 
the unconformity to the Algonkian. There is, however, an alternative o 
view, advocated by Daly and others, that the oldest Cambrian faunas in 
the Rocky Mountains are Middle Cambrian and that the thin Brigham 
quartzite is the same in age; that the unconformity represents a brief 
time interval and that the great quartzite slate series is not Algonkian, 
but simply early Cambrian. Critical studies over a wide area are a neces- 
sary preliminary to the settlement of this question. It is to be remem- 
bered that the unconformity seems to imply the complete removal of the 
great quartzite series during the erosion interval and over wide areas. re 
The time involved should therefore be more than a brief interruption. 


INTERPRETATION OF THE ALGONKIAN QUARTZITE-SLATE SERIES 


For the present the thick series of quartzites and slates lying below the 
unconformity just described will be assumed to be. Algonkian, according 
to the prevalent view. In the two best known sections—that is, in Big 


Cottonwood Canyon and along the upper course of Ogden River—this m 
system has many characteristics which harmonize with a particular inter- 74 


pretation of its origin. The base of the series has apparently not been a 
seen anywhere.?® 

The prevailing rocks are quartzites or quartzitic sandstones variously “ 
colored. Here and there in the sandstone are many thin beds of con- 


™ Walcott considers the upper part of the quartzite Middle Cambrian, north of the ah 
Salt Lake district. ° 

% Along the back slope of the main range from Ogden Canyon north almost to Brig- 
ham, there is a mass of folded dark slates and schistose graywackes which underlies the 
quartzite-slate series. The details of the succession and the relations of these beds are 
yet unknown, but will repay careful study at some later time. It is not improbable s 
that two unconformable systems may be discovered. 
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glomerate in which the pebbles consist of quartz and quartzite well 
rounded and moderately well assorted. Many of the sandy beds are 
prominently cross-bedded, the cross-bedding having a relatively small 
amplitude. On the bedding planes ripple-marks, generally of the long 
parallel type, are of common occurrence. 

At several horizons in the section, but especially in the lower portion, 
hard shales and slates are interbedded with the quartzites. The prevail- 
ing colors of these argillaceous members are dark purplish brown or 
bright green, but there are some which are distinctly black and others 
rich maroon. The purplish, maroon, and green beds are composed of 
poorly assorted material, consisting of clay and sand, with abundant mica 
flakes. ‘Tension cracks have been found in them at several points and ap- 
pear to be relatively common. About 2 miles northwest of the village of 
Liberty, in Weber County, there is a small mass of coal-black slate with 
imbedded pyrite crystals. The relations of this member are not observ- 
able, but it is evidently a part of the Algonkian sequence. 

Excepting a few thin beds of brown dolomite interleaved with the 
slates northeast of Willard, no beds of limestone have been observed any- 
where in the section. Likewise no fossils have been found, although 
considerable time was spent in search for them in beds of shale which 
have suffered little deformation and still less metamorphism and which 
preserve unmarred their original stratification. Walcott mentions the 
fact that the most promising shale beds in the Big Cottonwood Canyon 
section yielded no fossils to a painstaking search. 

The significant characteristics of the Algonkian system in this region 
may then be summarized as follows: It consists of alternating beds of 
quartzite, slate, and conglomerate, which are variable from place to place; 
cross-bedding, ripple-marks, and mud cracks are prevalent. The mate- 
rials are not well assorted, and in the sandy beds the prevailing colors are 
yellow, gray, and red, while purple, maroon, and green predominate in 
the shaly layers. There is apparently a general lack of limestone and of 
fossils. 

Sedimentary deposits having a thickness of many thousands of feet 
have generally been assumed to be of marine origin. It is now well 
recognized, however, that thickness has no such necessary implication. 
Fluviatile deposits, such as the Siwalik formation of India and the Cali- 
fornia Valley sediments, are known to have great depth. In the Algon- 
kian of the Wasatch region the absence of limestone from so great a 
thickness of rocks and the dearth of fossils in beds so little altered is in 
itself significant. The cross-bedding which is a characteristic feature 
of the strata at many horizons is indicative of shifting currents. The 
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regularity of dip and the small amplitude of the cross-bedded structures 
implies currents moving in a single general direction, and currents of 
water rather than of wind. The uniformity of the cross-bedding in 
stratum after stratum may be taken to mean a constancy of conditions 
scarcely to be expected on a sinking sea bottom. The beds of conglom- 
erate locally interstratified with sandstone show that the currents were 
alternately stronger and weaker at the same point. The ripple-marks 
are of less significance than some other features, although they indicate 
shallow water and are in harmony with the testimony of the other feat- 
ures. Barrell’® has called attention to the fact that tension cracks are 
best developed on muddy flats bordering streams or lakes subject to con- 
siderable seasonal changes of climate. While it is possible to have them 
formed along tidal flats, such situations are probably much less favorable 
to their preservation. The imperfect assortment of the materials ap- 
pears to indicate that the sediments were deposited rapidly, little time 
being given for that complete sifting of fine from coarse debris which is 
characteristic of the work of waves upon an open beach. These consider- 
ations lead to the inference that most of the Algonkian system in the 
Wasatch region is a product of deposition on land rather than in the sea, 
by means of rivers rather than in lakes or by winds, and at a geologically 
rapid rather than at a slow rate. 

The existence of tension cracks is already referred to as indicating 
seasons of relative dryness. The dearth of black, gray, and olive green 
sediments and the prevalence of red, purple, and brown colors in the 
greater part of the section may also be interpreted to mean that the 
sediments were laid down under conditions which were oxidizing rather 
than deoxidizing. This in turn points to a scarcity of vegetation and to 
a relatively warm, dry climate during most of the year. The absence of 
fossils would be readily explainable upon this hypothesis, even if the 
formation were not so old as to have preceded the existence of preservable 
organisms. 

In this connection attention may be called to the fact that many of the 
features of the Wasatch Algonkian have been observed in strata probably 
of the same age in the Grand Canyon region on the south, and in Idaho, 
Montana, and Canada on the north. Whatever interpretation applies to 
the one should apply to the homologous parts of the others, indicating 
that the conditions which favored such deposits were widespread in the 
West at the time. Barrell’? argues for the continental origin of a large 


% Joseph Barrell: Geological importance of sedimentation. Journal of Geology, vol. 
xiv, 1906, p. 552. 
1 Op. cit., pp. 553-568. 
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part of the Belt and Grand Canyon terranes, basing his interpretation on 
their physical characteristics. If all of these formations were in fact 
deposited chiefly by rivers on extensive plains in a climate which was 
semi-arid, or at least subject to dry seasons, it becomes much easier to 
explain the great scarcity of fossils throughout all of these essentially 
unaltered sediments, and also accounts for the fact that the few fossils 
which have been found are apparently Discinoids and Eurypterids, such 
as are commonly found in younger rocks not of strictly marine origin. 


THE OGDEN QUARTZITE ELIMINATED 


In Ogden Canyon two thick beds of quartzite appear to be separated 
by several hundred feet of shale and limestone. The geologists of the 
Survey of the 40th Parallel considered the lower of these to be Cambrian. 
The upper formation was named the “Ogden quartzite,” and its age was 
thought to be approximately Devonian. This classification stood un- 
challenged for more than a generation. A few years ago Weeks'* found 
Ordovician fossils in a quartzite and shale formation north of Brigham. 
This quartzite was separated from the Cambrian quartzite by a thick 
series of shale and limestone, and on this account Weeks considered it the 
equivalent of the “Ogden quartzite.” 

Contrary to this early view, the “Ogden quartzite” in Ogden Canyon 
is now believed to be merely a slab of the Cambrian quartzite repeated in 
this place by an overthrust. It is in fact twice repeated, but an ob- 
server traversing only the bottom of the canyon would see only a single 
repetition, as indicated in the structure section (see figure 6). The 
existence of these overthrusts is demonstrable, and the proof rests on 
more than one kind of evidence. From the rim of the canyon, either 
north or south, the structure can be seen as ‘plainly as in a diagram (see 
plate 39, figure 1. The beds beneath the overthrust are much con- 
torted, and the succession above the “Ogden quartzite” is identical with 
the succession above the Cambrian quartzite. A careful search even 
revealed Middle Cambrian fossils characteristic of Walcott’s Pioche shale 
just above each of the three layers of quartzite in the canyon. Finally, 
the overthrusts which are responsible for these repetitions were traced 
horizontally 10 to 20 miles. They cut diagonally across the formations 
beneath and in details give ample additional proof of the structural con- 
ditions described. 

In this connection it is well to note that an early Paleozoic quartzite 
formerly correlated with the “Ogden quartzite” is widely distributed in 


iF. B. Weeks: Unpublished report to the U. S. Geological Survey, 1908. 
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on the Wasatch Mountains. It is now bereft of its name, since the typical : 
et “Qgden quartzite” must be ruled out. As it is clearly exposed and well 
= marked by fossils east and north of Geneva, it will be called the “quartz- “ii 
to ite at Geneva.” This formation seems to be best exposed in the northern 
ly part of the Wasatch range (see plate 37, figure 1). It is a cream-colored r 
Is calcareous quartzite interbedded with green shale near the top and bot- 
ch tom and altogether not over 400 feet thick. It is doubtless in this 

quartzite that Weeks found Ordovician fossils. The same fauna, found } 

by the writer at two points near Geneva in 1909, includes the following 

fossils, as tentatively determined by Mr. E. O. Ulrich: y 
Orthis sp. Bathyrus ? congencris 
1e Hebertella sp. Bathyrellus sp. 
. Macronotella n. sp. Bathyrellus cf. fraternus Billings 
- Leperditelia n. sp. Symphysurus (?) goldfussi Walcott 
Primitella n. sp. 
d Although most of the species in this list are as yet unnamed, they are . ; 
. correlated by Mr. Ulrich with the fauna of the upper part of the Pogonip = 
k limestone of Nevada and the later Beekmantown (early Ordovician) 
eC horizon of the Eastern States. 


On the west slope of Mount Morgan, northeast of the town of that eo 
name, a corresponding thin quartzite member interrupts the monotonous 
succession of Paleozoic limestones. In the well known locality in Big - . 
Cottonwood Canyon, southeast of Salt Lake City, there appears to be a a 
white quartzite somewhere in the middle of the Paleozoic succession and 
beneath the thick Mississippian limestone. Its outcrops, however, are 
badly obscured by soil and brush, and there are igneous intrusions in its 
vicinity. For this reason its relations and age have not been closely y 
determined. 


THE SILURIAN AND DEVONIAN LIMESTONES 


Kindle’® has recently shown that the Jefferson limestone of Montana, 
with a sufficient Devonian fauna, extends southward into the mountains 
of Utah, and he has traced it along the east side of Cache Valley, in the 
Bear River range. He has also identified in the same locality a limestone 
containing Silurian fossils conformable beneath the Jefferson formation. 
It was to be expected that the same formations would soon be found also ; 
on the west side of Cache Valley, in the Wasatch range proper. As ex- . 
posed on the crest of the range, there is, between the Ordovician quartzite 

and the identifiable part of the Mississippian limestone, a succession of 

dark limestones, with some ash gray brittle dolomites having a thickness 


“FE. M. Kindle: Bulletin of American Paleontology, no. 20, Ithaca, N. Y., 1908. 
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of 1,000 to 1,500 feet. In the lowest beds there are corals such as 
Halysites and Favosites. At a slightly higher horizon there are abundant 
shells, which Kindle thinks are the same as his Pentamerus fauna of the 
Bear River range. All the specimens, however, are poorly preserved, and 
show best upon the weathered surfaces. Between the Silurian horizon 
and the fossiliferous Mississippian there is a thick, dark limestone which 
corresponds satisfactorily with Kindle’s Devonian Jefferson formation 
east of Cache Valley. Further search may be expected to reveal the 
Jefferson fauna in these beds. 

Farther south the formations have not been identified by fossils, but 
beds lithologically similar, and lying conformably between the Ordovician 
and the Mississippian limestones, have been found near the summit of 
Mount Morgan. These are probably of Silurian and Devonian age. In 
the main range, near Ogden, the absence of this portion of the Paleozoic 
group is apparently due to the overthrusts which cut out the Middle 
Paleozoic portion of the succession. 


A NON-MARINE MEMBER IN THE MISSISSIPPIAN LIMESTONE 


One of the best sections of the limestones which represent the Missis- 
sippian (Lower Carboniferous) period in Utah has been overlooked until 
now. It is exposed around the sources of the south fork of Ogden River. 
The system can there be divided into three formations: An upper and 
lower limestone, with a middle shale. The upper formation is a succes- 
sion of dark limestones rich in fossils, which have been determined by 
Dr. G. H. Girty as middle to late Mississippian in age. The lower lime- 
stones are chiefly dolomitie and devoid of fossils. The formation between 
these comprises a series of reddish or pinkish beds in which shales and 
thin-bedded limestones predominate. This middle formation has special 
characteristics which may be noted here. 

The shaly formation is separated from the limestone beneath by an 
obscure unconformity, marked by sandy breccia containing pieces of the 
subjacent limestone. Above, however, it intergrades with the purely 
marine limestone of the Upper Mississippian formation. The total thick- 
ness is about 250 feet. 

The origin of these strata appears to have been continental rather than 
marine. This conclusion is supported by a variety of evidence. A sug- 
gestive fact is that no fossils were found even in the calcareous layers 
. and in sections which are well exposed. Near the base of the formation 
there are many layers of lavender and maroon shale, with abundant sun- 
cracks. The individual cracks are filled with a mixture of mud and sand. 
Sparsely dotted over the surfaces of the shales and also upon thin layers 
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of limestone, there are pitted and frosted sand grains. It is suggested 
that these isolated grains were dropped by the wind on soft mud at a time 
when it was temporarily exposed to the air. Interbedded with some of 
the sun-cracked strata there are argillaceous breccias in which the angular 
fragments are chips of hardened mud. These may well be broken pieces 
of the curled plates which are usually produced in the making of tension 
cracks in mud. On some of the layers of muddy limestone there are im- 
pressions of the faces and corners of cubes, which may be ascribed to the 
temporary formation of salt crystals which were later dissolved. 

The precise mode of deposition of such a deposit is open to question. 
The facts above stated seem to imply that the sediments were deposited 
in shallow-water bodies and streams on land. The requisite conditions 
are probably supplied today on the surfaces of large deltas of flat gradient 
in regions which are either generally or seasonally arid. 

These Mississippian shales seem to have a fairly wide distribution in 
the Wasatch Mountains. They are represented in Ogden Canyon by 
physically similar beds, in which the red color is largely replaced by buff 
and gray. Ih that locality one of the beds has also yielded a few brachio- 
pods and jointed fucoidal fossils of problematical nature. 

On the west slope of Mount Morgan reddish shales with mud breccias 
were noted in the Mississippian succession. There seems to be a repre- 
sentative also along the crest of the Wasatch range southwest of Wells- 
ville. 
THE RED BEDS NEAR MORGAN 


In the upper canyon of Weber River the conspicuous Weber quartzite is 
separated from the dark Mississippian limestones by a formation of red 
sandstone and shale with intercalated thin limestones, having a total 
thickness of about 500 to 2,000 feet. This formation was noted by the 
geologists of the Survey of the 40th Parallel, but not named. Weeks, in 
an unpublished manuscript on the geology of northeastern Utah and ad- 
jacent regions, calls it the “Morgan formation,” and in the present paper 
that name is adopted. The prevailing rock in the Morgan formation is 
earthy sandstone, which is relatively soft. Fresh surfaces are generally 
white or pink, but on exposure the rock turns brick red. Some beds are 
distinctly shaly, and here and there thin layers of gray limestone with a 
few fossils are interbedded with the series. The Morgan formation 
passes upward through alternate gray shales, limestones, and sandstones 
into the more or less calcareous base of the Weber quartzite. In this 
transitional zone there are a few fossils—chiefly Lingulas and Discinoids. 
The lower limit of the formation is sharp, for the earthy red sandstones 
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rest upon a cavernous weathered surface of fossiliferous gray limestone. 
Just above the contact lies a coarse sandstone which consists of well 
rounded frosted sand grains bound in a deep red matrix and including 
bits of limestone and black chert from the underlying series. Although 
the bedding of the Morgan formation is essentially parallel to that of the 
limestone below, the relations here clearly indicate an unconformity, 
signifying an erosion epoch between the Mississippian and the Pennsyl- 
vanian.”° 

In two small lots of fossils from the beds of limestone immediately 
below the unconformity, Dr. G. H. Girty has identified the following 


species : 
Campophyllum ? sp. Spirifer boonensis ? 
q Glossina nebraskensis Spirifer cameratus ? 
Producta cora Spirifer kentuckycnsis ? 


Productus semireticulatus var. hermosanus Composite subtilita 
Vrocuctus nebrasker sis Hustedia mormoni 


Two other lots, one of them from a thin limestone within the Morgan 
formation, and the other from transition beds at the top, yielded the 


following : 
Monilipora prosseri Productus cora 
Zaphrentis gibsoni ? Productus gallatinensis 
Glossina nebraskensis ? Spirifer rockymontanus 
Lingulidiscina utahensis Composita subtilita 
Productus nebraskensis Cliothyridina orbicularis 


It is obvious that these faunules are very closely related to each other, 
and Girty assigns them all to the early part of the Pennsylvania period. 
It appears, therefore, that although the contact features show an un- 
conformity at the base of the Morgan formation, the erosion interval 
must have been geologically brief. 

The red beds have been traced from Weber Canyon northward 5 or 6 
miles to the point where they disappear beneath the Eocene strata. As it 
has not been recognized in other parts of the region, the formation is 
probably local in extent. 


THE DISAPPEARANCE OF THE WEBER QUARTZITE 


In the canyon of the Weber River, just above the town of Morgan, the 
geologists of the Survey of the 40th Parallel found a great quartzite for- 


* It may be mentioned here that Berkey finds evidence of a well marked unconformity 
above the Mississippian limestone on the southern flank of the Uinta Mountains (Bulle- 
tin of the Geological Society of America, vol. 16, pp. 517-530. Stratigraphy of the 
Uinta Mountains, 1905). THis findings are questioned by Emmons (Bulletin of the Geo- 
logical Society of America, vol. 18, 1907, pp. 287-302) and Boutwell (op. cit.). 
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mation of Pennsylvanian age to which they gave the name “Weber 
quartzite.” According to the original measurements the formation is 
5,000 to 6,000" feet thick. A similar quartzite has been found in the 
Park City district to the south and in Big Cottonwood Canyon, southeast 
of Salt Lake City, but it has not been identified from Ogden River north- 
ward, so far as the writer can learn. 

Last summer the writer traced the outcrop of the quartzite northward 
from the type locality, and in doing so found that it grows thinner and 
finally disappears about 7 miles north of Weber River. If the Paleozoic 
formations were fully exposed in this locality, the interpretation of this 
disappearance would be comparatively easy; but the facts are obscured, 
because the Eocene deposits come in from the east and cover all of the 
beds above the Weber quartzite at the point where the latter disappears. 
However, it is significant that when the Pennsylvanian strata do reappear 
4 to 5 miles farther northwest, the Weber quartzite is missing, and the 
Pennsylvanian phosphatic series** (the Park City formation of Boutwell) 
rests directly on the Mississippian limestone. The structure is simple 
and outcrops are sufficiently good, so that faulting can not be appealed to 
in this region. In all other sections observed from here north and north- 
west the same relation holds. 

Farther northeast, on the eastern slope of the Bear Lake valley, Gale** 
has found the Weber quartzite generally present, but varying considerably 
in thickness. 

A closer examination of the sequence shows also that the sandy beds 
which mark the base of the Park City formation rest not on one, but on 
several members of the Mississippian system, as shown in the accom- 
panying sections. The shale and limestone member at the top of first 
and fourth are missing in the other sections. These beds are peculiar, 
because the shales are purple and the limestone nodules bright green 
mottled with red, and in addition they are richly fossiliferous. For these 
reasons the strata are not likely to be overlooked. Furthermore, the 
fauna in these beds is correlated by Girty with the Kaskaskia fauna of 
the Central States, and therefore may be supposed to be older than the 
fauna at the top of the Mississippian limestone in Weber Canyon, which 
Girty refers to the early Pennsylvanian. Unfortunately, in these sections 
the exact contact was not visible, and for that reason the evidence loses 
some of its cogency. 


™To the writer these measurements seem excessive; but as he has made no exact 
observations to test their accuracy, he can only register a doubt. 

The Carboniferous beds are described in the writer's paper, “Phosphate deposits 
hear Ogden, Utah.” U. S. Geological Survey, Bulletin 430, Contributions to Economic 
Geology, 1909. 
™ Hoyt S. Gale: Personal communication. 
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Taken together, these facts of distribution and relation are suggestive 
of an unconformity truncating the Weber quartzite and Morgan forma- 
tions and going down into the Mississippian limestone. 

Further light on this question is furnished by the contact relations 
between the Weber and Park City formations. In Weber Canyon and 
several adjacent localities this contact is fairly well exposed. The excel- 
lent section in Tunnel Hollow may be taken as typical. There the black 
shale and limestone of the Park City formation grades downward into 
alternate reddish sandstone, lavender and buff calcareous shales, and 
finally into soft, massive white sandstone, with small concretions of 
limonite. At the base of this white sandstone there is found nearly every- 
where a hard quartzitic breccia which contains angular fragments of 


Beaver Creek Three sections Sheepherd 
in slopes of Spring Canyon Creek 


Pennsylvanian 
sandstone 


Unconformity ? 


Mississippian 
limestone 


FIGuRE 3.—NSections of the mid-Carboniferous Strata in the upper Valley of Ogden River 


4 Showing variation in the horizon of the Pennsylvanian sandstone. The shale with 
nodules contains the late Mississippian fossils 


white chert, gray quartzite, and black chert, in the order given. One 
chert fragment proved to be a worn specimen of a horn-coral, silicified. 
This breccia rests with slightly undulating contact upon pale gray quartz- 
ite, which is continuous with the body of the Weber quartzite. The con- 
tact slowly truncates the individual layers of the quartzite below. On 
. the contact surface there is no accumulation of soil or the products of 
weathering ; it is swept clean. Here and there, however, open fissures in 
the quartzite are filled with wedges of the chert breccia. 

At another exposure of the contact, just west of Robison’s ranch, the 
breccia is thicker and contains some water-worn material and a few 
boulders as much as 15 inches in diameter. There, also, fragments of 
quartzite clearly predominate over the other constituents. 

In Big Cottonwood Canyon, near Salt Like City, the writer measured 
somewhat roughly a section just north of the Wasatch Planting Station 
of the Forest Service, in the upper part of the canyon. In this section 


the 
thic 
and 
abo 
whi 
con 
des 
un 
(a) 
wh 
we 
‘ for 
an 
an 
sy 
si 
br 
pe 
of 
th 
2 
re 
e 


WEBER QUARTZITE 533 


the Weber quartzite is easily recognized, but seems to be reduced to a ) | 
thickness of 1,200 to 1,500 feet. The exact contact between the quartzite ass 
and the Park City formation is unfortunately covered with soil. At A 
about the proper horizon, however, there are poor exposures of a soft, ' 


white, fine-grained sandstone like that in Weber Canyon, and it likewise 
contains angular fragments of gray quartzite and chert. 
The observable facts with reference to this contact leave much to be 


desired, and no attempt is made here to interpret fully the conditions ; 
under which it was made. Certain things, however, seem to be clear: 


(a)The Weber quartzite is limited above by an irregular eroded surface, 
which is not exactly parallel to the bedding; (b) it was subject to disin- 
tegration, and (c) not merely one, but a variety of beds in the formation 
were exposed, as is shown by the large amount of chert as well as quartzite 
in the breccia. On the whole, the evidence for the existence of an uncon- 
formity at this horizon seems to be conclusive. 

The importance of the unconformity is uncertain. If the Weber 4 
quartzite is a formation of only local extent, and if some of the more 
caleareous beds farther north were deposited contemporancously, then 
the observed unconformity may in fact be due to a slight erosion of the 
surface of the formation and should represent but a brief land interval. 
If, however, the Weber quartzite was once far more extensive than now, 
and if it has been removed from the northern part of the Wasatch region, 
and elsewhere reduced to a varying thickness by erosion within the Penn- 
sylvanian period, then this interval must have been relatively long. It is 
significant in this connection that the fragments of quartzite in the basal 
breccia were quartzite, rather than sandstone, when broken from the 
parent ledge during the erosion interval, as is shown by the preservation 
of sharp corners and edges. For the present the problem must remain in 
this doubtful state, but careful observations at as many points as possible, 
within a radius of 100 miles or more, should soon decide it. 


sa: 


STRUCTURE 


PREVIOUS STUDIES 


The interpretation of Wasatch structure which has prevailed until 
recent years is that derived from the work of the Survey of the 40th 
Parallel?* According to this view, the main range is a monocline dipping 
eastward and cut off on the west by a profound normal or gravity fault. 
Small transverse normal faults with a general east-west trend served to 
account for sudden shiftings of outcrops. In addition, mention was 


* Op. cit., vol. li, sections 3 and 4. 
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made of closed recumbent folds here and there, generally confined to the 
weaker members of the series and well shown in Ogden Canyon. 

The only important modification of this view seems to be that furnished 
by Boutwell in 1907, on the basis of his studies in the Park City mining 
district.2® The most important feature found there is an overthrust fault 
of large displacement, the first to be reported from the Wasatch Moun- 
tains. 

OVERTHRUSTS IN THE VICINITY OF OGDEN 


In 1909 the field observations confirmed the earlier interpretation of 
the main range from Brigham northward. That portion of it is appar- 
ently an uninterrupted monocline with occasional little transverse faults. 
Furthermore, there appeared to be nothing severely inconsistent with the 
view that the west front of the range is a normal fault-scarp, as generally 
supposed. From Willard south to Weber River, however, the structure 


Figure 4.—Generalized Section of the Wasatch Range at Willard, Utah 


Showing Algonkian slaty series overthrust on middle Cambrian limestone 


is much more complex. It may be described in general as a shingled 
structure with overthrust slabs or wedges dipping eastward. The weaker 
members of these slabs, especially near the overthrust planes, have been 
bent into compressed recumbent folds and in detail are much contorted, 
At least three of the overthrusts are large enough to deserve separate 
description, and there are also several small thrusts which modify the 
outcrops and structures in important details. Why these overthrusts 
were localized near Ogden is a question which will require for solution a 
broader acquaintance with the larger structures in northern Utah than is 
now available. 

The greatest of the overthrusts may well be considered the master 
structural feature of the northern part of the range (see figure 5). It 
rises from beneath the Salt Lake sediments just north of the village of 
Willard, crosses the lower part of Willard Canyon, and rises gradually 
along the western buttresses until it reaches the crest of the range just 


* Op. cit. 
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Figure 1.—CONFORMABLE SEQUENCE FROM LEFT TO RIGHT OF ORDOVICIAN, SILURIAN, AND Drvo- 
NIAN STRATA, UPTURNED ALONG THE WESTERN SLOPE OF THE WASATCH 
RANGE, SOUTHEAST OF WELLSVILLE 

The early Ordovician quartzite forms salient reefs y 
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Figure 2.—EASTERN SLOPE OF THE WASATCH RANGE OPPOSITE HoT SPRINGS 


GEOLOGIC EXPOSURES ON THE EASTERN AND WESTERN SLOPES OF THE WASATCH RANGE 
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north of Ben Lomond Peak (“Willard Peak” of the 40th Parallel Survey 
maps); thence it passes diagonally down the eastern slope, is tempo- 
rarily concealed by wash along the east base near the little village of 
Liberty, but rises again at a low angle into the summits of the spurs 
northeast of Ogden. It crosses Ogden Canyon near the east end and 
continues southward along the eastern slope of the range. Presently its 
outcrop is shifted by the Huntsville fault westward to the base of Ogden 
Peak; thence it soon disappears beneath Tertiary and later sediments 
in the Morgan basin. The overthrust has not been traced farther south, 
but it can be confidently predicted that a structure of such magnitude 
must continue many miles before it dies out in that direction. Along 
this great thrust-plane the Lower Algonkian formations, consisting chiefly 
of slate and graywacke, with some quartzite, have been pushed up over 
Paleozoic rocks. The maximum horizontal displacement is about 4 miles, 
so far as exposed, but this is probably but a small fraction of its total 
displacement. The inclination of the thrust-plane varies considerably 


CARBON/FEROUS 
ALGON 


CAMNBRIAN 


Ficure 6.—Diagrammatic Structure Section of the Wasatch Range, in Ogden Canyon 


Showing the succession of overthrust slabs of Paleozoic and Proterozoic strata 


from point to point. Locally it is as high as 50 degrees, but in the moun- 
tains northeast of Ogden it averages about 15 degrees. This has sug- 
gested that the thrust-plane may have been folded at a later date, like 
those of the southern Appalachians. Inasmuch as the overlying Kocene 
beds are slightly folded in northern Utah, it is safe to say that the thrust- 
plane has also been flexed to the same degree; but it is equally probable 
that the overthrust was originally an undulating rather than a plane 
fracture. This fracture is clearly exposed in Willard Canyon and is 
there the only overthrust. It may therefore be called the Wil/ard thrust. 

In Ogden Canyon there are two other large overthrusts, but both are 
of distinctly less magnitude than the great Willard thrust—if, indeed, 
they are not actually branches of it. One of these has already been men- 
tioned in connection with the hypothetical “Ogden” quartzite. This 
overthrust arises from the Salt Lake plain east of the village of North 
Ogden, mounts along the frontal spurs of the range, and then descends 
into Ogden Canyon (see figure 5). Throughout this part of its course 
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Figure 1.—OGpen PEAK AND THE Sovru Sipe OF OGDEN CANYON, FROM THE NORTHWEST 
Shows the Ogden overthrust 


Ficure 2.—WeEstT FRONT OF THE WASATCH RANGE AT OGDEN 
Ogden Canyon and Ogden Peak are visible to the right of the middle. Compare figure 7 


VIEWS OF OGDEN PEAK AND OGDEN CANYON, AND THE WASATCH RANGE, UTAH 
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a thick slab of the Cambrian quartzite lies above the thrust-plane, and 
the Middle Cambrian limestones are beneath it. That the thrust-plane 
is not confined to a particular horizon is shown by two facts: (a) The 
underlying limestone is but 200 to 300 feet thick at one point on the 
front of the range, but is nearly 2,500 feet thick along the bottom of the 
canyon, and (b) the overlying quartzite is but a few hundred feet thick 
east of North Ogden, but is complete, and even carries a wedge of 
Archean gneiss beneath it in Ogden Peak.** The weak, shaly Middle 
Cambrian limestones just below the overthrust are intensely folded, the 
folds being mashed flat parallel to the general bedding. Thinning on 
the limbs and thickening on the crests of the folds are conspicuous. Only 
suggestions of such structures can be seen in the limited exposures along 


Figure 7.—Diagram to the Geology and Structure within the Scope of Figure 2, Plate 39 


the bottom of the canyon, but they are in plain view from the south rim 
of the valley. From Ogden Canyon this overthrust runs south along the 
front of the range, bringing Archean gneiss out upon the Cambrian lime- 
stone. It sinks again into the Salt Lake plain before reaching Weber 
River. 

It may be said in passing that there is a smaller, but nevertheless im- 
portant, overthrust near the top of the quartzite formerly called the 
“Ogden.” A sliver of the quartzite with the overlying shale and lime- 
stone has overridden the Middle Cambrian shale with a little of the lime- 
stone, thus making a second repetition of those beds. It does not reach 


*To the people of this region Ogden Peak is known as “Observatory Mountain.” 
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the crest of the spurs on either side, because it is cut off by the structure 
next to be described (see figure 6). 

The third prominent overthrust crosses Ogden Canyon in the vicinity 
of the Hermitage. It is noteworthy because it reverses the order of 
strata which characterizes most overthrusts, namely, older upon younger. 
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Ficure 8.—Diagram of Overthrust shown in Figure 2, Plate 40 


Along this fracture the thick-bedded massive Mississippian limestone 
seems to have ben pushed at a low angle out over the lower beds of the 
series. The overthrust cuts out not only part of the Middle Paleozoic 
sequence, but even one of the two repeated slabs of the Cambrian, so that 
the Carboniferous strata come to rest upon the middle body of the Cam- 
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brian limestone. Beneath the fault the thin-bedded limestone and shale 
are bent into recumbent folds which were noted by Hague and Emmons 
in their first visit to the canyon, about 1870. In fact we can not read 
their description®’ of this canyon without perceiving that they recorded 
the essential features of this overthrust without recognizing it as such. 
Since this fault lies almost entirely within the thick succession of Paleo- 
zoic limestones, its exact course is difficult to trace without detailed study. 
It is cut off both north and south of Ogden Canyon by the overlapping of 
the great Willard thrust. 

Northeast of the village of North Ogden, also, there are several subor- 
dinate yet important thrust-planes beneath the dominant overthrust first 
described. Some of the overthrusts in Ogden Canyon have been traced 
into this locality. Others can probably be extended in the same way 
when more detailed work is done. It is clear that there are also several 
small overthrusts which do not appear in the Ogden region. The front 
of the Wasatch Range near North Ogden has indeed a highly complex 
structure, in which overthrusts and recumbent folds are the characteristic 
features. Even in the low plateau-like extension of Paleozoic rocks near 
Hot Springs the rocks are much disturbed in detail and the faults appear 
to be overthrusts. 

So far as present information goes, the overthrusts seem to be confined 
to that part of the Wasatch range which lies south of Brigham. There 
can be little doubt that the overthrusts were made at the same time that 
the Paleozoic rocks were folded; and that disturbance is generally as- 
signed to the close of the Cretaceous period. It seems to be a fact that 
the Lower Eocene (Wasatch) sediments cover the outcrops of the over- 
thrusts in several places, thus indicating that the folded and overthrust 
structures had been deeply eroded before the Eocene period was far 
advanced. 
TRANSVERSE FAULTS 


In the reports of the Survey of the 40th Parallel several faults with 
general east-west trend are postulated to explain abrupt changes in the 
Paleozoic outcrops. Of these, the one about a mile north of Ogden Can- 
yon was identified and traced by the present writer. The one in North 
Ogden Canyon was not found, and the structure there seems to be ex- 
plained more readily as folding, without any assumption of faulting. 

. East of the city of Ogden, in a small valley now locally known as 
“Waterfall Canyon,” there is another fault which appears to be of the 
normal type and which is described in the report of the Survey of the 


"U. S. Geological Exploration of the 40th Parallel, vol. il, p. 400. 
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40th Parallel.2* At the west base of the range the Middle Cambrian 
limestone abuts against the Archean complex a few hundred feet below 
the base of the Cambrian quartzite. The stratigraphic displacement in 
the vertical plane therefore amounts to but little over 2,000 feet. From 
this point the fault-plane was traced eastward several miles, and_ its 
course is inferred (although not observable) for a distance of 15 to 20 
miles. It crosses the two north spurs of Ogden Peak, shifting the out- 
crops to the west on the south side, and at the east base of the peak cuts 


Algonkian ? 


focere 


Algonkian ? Paleozoic focene Quaternary 
lime stones 


Ficure 9.—Sketch Map of Part of Huntsville Basin and adjacent Bear River Plateau 


Showing tield evidence of the extension of the Lluntsville fault 


the Willard thrust. Thus the outcrop of the low dipping overthrust is 
shifted westward on the south side a distance of 214 miles. The soft 
Algonkian slates above the overt arust have offered little resistance to ero- 
sion, and to this fact is due the low, hilly region immediately east of 
Ogden Peak. The fault continues under the Pleistocene sediments of the 
Huntsville basin, and may therefore be named the Huntsville fault. That 
it continues much farther east, and with increasing displacement, is indi- 
cated by the relations of the outcrops in the southern continuation of the 


*U. S. Geological Exploration of the 40th Parallel, vol. ii, pp. 394-395. 
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Bear River plateau, 4 to 8 miles east of Huntsville. There the great 
series of Algonkian quartzite and slate with the overlying Cambrian beds 
is suddenly cut off, and immediately in the line of strike there is an expo- 
sure of Middle Cambrian fossiliferous limestone with east-west strike 
and vertical or variable dips. The fault doubtless passes between these 
outcrops. This fault is of the type usually called “normal”—that is, it 
is nearly vertical and dips toward the down-thrown side. 

Presumably the direction of displacement along this plane had a large 
vertical component, but the precise direction has not been ascertained. 
The greatest shifting of outcrops amounts to about 314 miles in the hills 
east of Huntsville. A horizontal displacement of such dimensions would td 
involve changes of volume on one side or the other on a scale which seems 
impossible. With the observed dips, a vertical displacement of about 
12,000 feet would seem to be required to explain the shifting of the out- 
crops. If the movement was diagonal, the amount of displacement would 
be still different, but in any case the facts indicate a fault of large 
dimensions. 

The transverse faults, including the Huntsville fracture, no longer 
have any topographic expression, except that which is due to the relative 
resistance of the rocks on one side or the other. The scarps have been 
wholly removed by erosion. From this fact it seems probable that they 
are older than Quaternary or even than late Tertiary. Their age can 
be fixed more definitely in the future by a careful study of the relation ° 
of the Eocene beds to the fault. From certain meager observations the 
writer expects that the faults will be foand to have cut the Wasatch sedi- 
ments (Lower Eocene) .”* 


QUATERNARY FAULTING 


The evidence that the front of the Wasatch range is a great fault-scarp 
or series of scarps, of comparatively recent date geologically, has been 
ably discussed by Gilbert, Davis, and others. The important evidence is 
almost wholly physiographic. The question was given only casual atten- 
tion last summer, and such observations as were made do not appear to 
conflict with the current interpretation. 


CoNCLUSIONS 


The chief conclusions presented in this paper are these: 
(a) The Cambrian system has a basal quartzite of moderate and toler- 
ably uniform thickness, and this is separated by a traceable unconformity 


” Vermilion Creek formation of the 40th Parallel Survey. 
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from an older and very thick series of quartzite and slate which is pre- 
sumably of Algonkian age. 

(0) The exposed Algonkian series is probably not marine, but of conti- 
nental origin, like the similar formations in Arizona and Montana. 

(c) The Ogden quartzite, as originally defined, has no existence, but 
there is a thin quartzite of Ordovician age best exposed near Geneva. 

(d) The Silurian system has been identified in the main Wasatch 
range by characteristic fossils, and the Devonian is doubtless present also. 

(e) In the Mississippian system there is an interesting series of sun- 
cracked shales and peculiar limestones interpreted as a non-marine 
deposit. 

(f) The Carboniferous red beds in Weber Canyon rest unconformably 
on the Mississippian limestone and are themselves probably of terrestrial 
origin. 

(7g) The Weber quartzite thins north of the type locality and quickly 
disappears. The fact is probably due to an unconformity between it and 
the overlying Park City phosphatic series, both of Pennsylvanian age. 

(h) The current interpretation of the structure of the Wasatch range 
must be modified to include large overthrusts with accompanying small 
but intense folds and minor thrusts. 

(i) A transverse fault of large dimensions in the latitude of Ogden 
has shifted the formations of the Wasatch and Bear River ranges laterally 
¥%, to 3 miles. 

(j) The overthrusts are of Cretaceo-Eocene age, while the normal 
faults are probably post-early Eocene. 
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INTRODUCTORY 


Mountains of the so-called Basin-range type occur over a very much 
larger area of western America than is commonly supposed. They not 
only occupy the Great Basin country, but an expanse of territory ten 
times as vast. The desert ranges extend from the northern boundary ot 
the United States southward far into Mexico. Throughout this great 
area they preserve intact all of their distinctive characteristics: more or 
less complete isolation of the ranges, abrupt elevation above the sur- 
rounding plains, lofty heights, short lengths, simplicity of structure, and 
the very resistant nature of their rocks. There are many other equally 
distinctive features which are not so conspicuous. 


‘Manuscript received by the Secretary of the Society December 31, 1908. 
(543) 
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In accounting for the origin of the mountains of the Desert region, it 
was long believed that they were formed by simple normal faulting on a 
grand scale. This was the view first advanced by Gilbert,? and it was 
generally adopted by the early explorers of the Great Basin region of 
western United States. At first glance this explanation appears to be 
quite sufficient. Throughout the aril region the mountains are largely 
devoid of vegetation and the attitude of the strata is readily made out 
even at great distances. Around the bases of the ranges long, smooth 
slopes extend in all directions until they merge into the central parts of 
the intermont plains. To all appearances the slopes are composed of 
debris washed down from the bordering highlands, and the natural infer- 
ence is that the intermont valleys are constructional plains formed of 
the wash from the mountains on all sides. In many cases the so-called 
wash-plains extend up the mountain sides until the rugged bare rocks 
seem to be all but completely buried. 

Within the past few years our notions regarding the origin and struc- 
ture of the desert ranges have undergone some very radical changes. 
The tendency is to modify more or less the simple normal fault hypoth- 
esis so generally held a generation ago. There are some novel reasons 
for the recent awakening of a new interest in the genesis of this class of 
mountains. Prominent among these newer considerations is the idea 
that the dominant relief features of the so-called Basin-range type of 
mountains are probably not due so much to local and intense fault- 
movements as they are to the differential topographic effects of general 
desert-leveling, without notable assistance from running water, but with 
eolic influences operating to their maximum extent. On the local prog- 
gress of eolation the ancient faultings and flexings have a very important 
influence, yet the rearing of the mountains throughout the region can not 
be ascribed wholly to a single cause. In some, and in perhaps most, 
cases the direct réle of recent crustal movement seems quite secondary. 


SUBDIVISIONS OF THE AMERICAN ARID REGION 


As the term is usually employed, the desert region of the United States 
is a rather vaguely defined part of our country. Geographically the 
territory included within the limits of this region actually embraces sev- 
eral more or less well defined provinces of which the Great Basin is only 
a minor part. In the central portion of the region is the elevated plain 
or dome commonly called the Colorado plateau. Only to the north of 


2 Geographical and Geological Survey West of the 100th Meridian; Report of Trog- 
ress for 1872, p. 48, 1874. 
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the Colorado plateau does the Great Basin, properly so called, extend. 
West and south of the high plateau is a centrally depressed plain studded 
thickly with typical desert ranges. It may be termed the Californian 
Gulf basin, and may be regarded as reaching down into the sea in the 
Gulf of California. East and south of the Colorado Plateau province is 
the northern extension of the Mexican tableland. 

The proper discussion of Basin-range structures requires that the feat- 
ures of the four subregions should be considered separately. Each pre-. 
sents phases of the different structures so very distinctive that it effect- 
ually prevents advantageous generalizing for the entire desert country. 


EXPLANATIONS OF THE ORIGIN OF THE GREAT BASIN RANGES 


The several views regarding the origin of the Basin ranges may be, 
according to the central feature emphasized, tabulated as follows: 


1. FoLpIne: 


2. FAULTING : 


Powell, 1876. 
Simple, previous folding................ 


Russell, 1884. 

Diller, 1886. 

Le Conte, 1889. ¢ 
Simple, previous folding and planing off.............. Dutton, 1880. 
Compound, and «sees Lauterback, 1904. 


3. EROSION : 


Corrasire, folded and faulted ridges, complex... .. -.... Spurr, 1901. 
Corrasive, faulted BIOCKS. Davis, 1903. 
Deflative, flexed, faulted, and planed region, differen- 


tially eroded by wind action mainly....... wowa ... Keyes, 1908. 


In general the diversity of opinion here shown is, as a matter of fact, 
more apparent than real. The conclusions reached by different writers 
are, in the main, true for the localities in which the particular investiga- 
tions were first carried on; they are not necessarily antagonistic to one 
another, but mutually supplementary. Any seeming shortcomings ap- 
pear to be due rather to generalization too broad than to incomplete 
observation. King’s first opinion admits of no other interpretation in 
northern Nevada, nor does it preclude later-date faulting, as suggested 
by Gilbert. The latter’s grand conception seems plain in the Grand 
Canyon district, where displacement has been manifestly so vast and so 
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recent that its expression in the surface relief has not had time to be 
entirely mastered by erosional effects. Lauterback’s idea of a mountain- 
block and a valley-block no doubt holds good for a multitude of instances 
other than the few which he cites in northwestern Nevada. For a broad 
generalization its main qualifications are that the valley-block be also a 
block of soft rocks and that the time of faulting greatly antedate the 
present expression of relief. So, too, Davis’ theory of extensive dissec- 
tion of mountain masses is more directly applicable to the loftier moun- 
tain ranges, where there is notable approach to normal humid conditions 
of climate, while aridity prevails on the plains about. My own views 
have been that there is much greater complexity in the genesis of the 
desert ranges than is generally supposed ; that while flexing and profound 
faulting have gone on rhythmically, perhaps ever since Jurassic times, 
the greater part of the crustal movements had already taken place before 
the extensive planing off in Tertiary times, and that the differential ero- 
sion of such an even surface composed of alternating belts of resistant 
and weak rocks have resulted in the marked contrasts of relief now ex- 
hibited by abrupt mountain and even plain, the extensive erosion being 
mainly eolic in character. 


GENERAL TECTONICS OF THE DESERT REGION 


Singularly enough, controversy relating to the geologic structures of 
the Desert ranges has been confined almost wholly to a relatively minor 
portion of the arid region. The Great Basin, which is scarcely one-sixth 
of the whole, has received nearly all of the attention. Were it not for 
this fact, the generally accepted notions concerning desert tectonics and 
the rearing of the mountains would be no deubt quite different from 
what they now are. In their bearing on the general tectonic conceptions 
the geologic structures of the several provinces are equally as important 
and equally as illuminating as those of the Great Basin. 

Strangely enough, the ideal type of Basin-range structure appears to 
be, so far as recent observations go, almost entirely wanting in the Great 
Basin district itself. Spurr’s lately expressed views* regarding the 
mountain ranges of Nevada are without much question in the main cor- 
rect, at least in so far as they relate to the rare occurrence of typical 
block-mountains. However, that these mountain ranges are formed 
chiefly by flexing of the strata, after the manner of the Appalachians, is 
a statement which must be substantiated by additional evidence before it 
can be accepted fully. 


* Bulletin of the Geological Society of America, vol. 12, 1901, p. 217. 
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Eliminating for the moment the mastering effects of general and local 
desert-leveling and confining the attention to tectonics alone, we find 
that there are discernible throughout the entire arid region two general 
and distinct systems of geologic structures. These are widely separated 
from each other in point of time. The younger of them may be regarded 
as mainly produced during the late Tertiary period, while the older may 
be considered as having been impressed during Jurassic times. 

In general, it may be said, the expression of the younger system of tec- 
tonics is mainly that of faulting; that of the more ancient that of flexing. 
That the two are widely separated in point of time is a fact which usually 
does not appear to have been clearly distinguished in any part of the 
desert region, and especially in the Great Basin province, where the tec- 
tonics of the arid country has been chiefly studied. In this last named 
province it is the older system of tectonics that is most conspicuous in 
the bare mountains and that is most clearly open to observation. 


NATURE OF THE YOUNGER TECTONICS 


As already noted, the most characteristic feature of the younger system 
of tectonics is the fault. Usually it is assumed that there is only a single 
line of dislocation blocking out each mountain ridge. In reality, the 
total amount of displacement is attained by compound or repeated fault- 
ing. The accompanying effects are imposed on all other older geologic 
structures. Their immediate influence is to disguise more or less com- 
pletely the older tectonics. 

When of very late occurrence faulting may make itself conspicuous in 
the landscape; in all other cases the topographic effects are quite gener- 
ally obscured by erosion. Complete mastery of the acquired geologic 
structures by erosion appears to be especially true of the Great Basin 
region. 

In the light of the newest observations it is somewhat difficult at the 
present time to say with confidence just how far recent folding has im- 
pressed itself upon the strata of the Great Basin province. So far as my 
own investigations indicate, the effects appear to be very slight and local. 
In those localities in which flexing has been regarded as best displayed 
careful inquiry has in every case failed to substantiate the claims. It 
is concluded that most of the Appalachian structures ascribed to the 
ranges of this region will be found to belong mainly to the older period 
of mountain building instead of to the younger period. 

There are several localities in Nevada in which gentle folding is re- 
garded by some observers as having taken place during Late Tertiary or 
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Early Quaternary time. With the old Paleozoic beds are involved well 
stratified clays and sands, 4,000 feet in thickness, presumably of Eocene 
or Miocene age. A critical cross-section of the strata is one given by 
Spurr of the Furnace Canyon, between the south end of the Grapevine 
Mountains and the northern extremity of the Funeral range. For a 
distance of more than 150 miles these two ranges form the eastern wall 
of the deep Death Valley. The apparent low arch of Tertiary strata 
may be due to near-by faulting of profound character rather than to the 
action of compressive forces. The axis is parallel to the great fault-lines 
bordering the Grapevine Mountains, and it is also near the principal 
displacement plane in the Funeral range. The altitude of the inclined 
Tertiary beds at the south end of the last mentioned ridge is also more 
readily accounted for by faulting than by normal flexing. 

A hundred miles to the south of the last mentioned locality are Ter- 
tiary beds the altitude of which is nearly vertical. This disposition of 
the strata may be also due to faulting and not to folding. There are 
other localities displaying the same phenomena, but in no instance at 
present recalled can marked normal flexing be unqualifiedly ascribed. 


CHARACTER OF THE OLDER TECTONICS 


GENERAL FEATURES 


With the older tectonic features flexing is dominant. Reversed as well 
as normal faulting is of frequent occurrence. The geologic period dur- 
ing which the most pronounced structures were acquired is believed to be 
the Jurassic. All previously formed structures were then largely dis- 
guised or obliterated. 

In arid America, outside of the Great Basin province, little reference 
has been made to the older tectonics. Allusions to them in this area 
have been not only few, but they have been incidental and general rather 
than specific in character. King,* in 1878, notes the mere existence in 
some of the Nevada ranges of geologic structures formed before the pres- 
ent mountains were reared above the plains. Russell* also makes passing 
mention of similar phenomena in the same region. Considering the 
main groups of ranges as probably outlined in pre-Tertiary times, when 
the region was finally uplifted above the sea, Spurr® explains the present 
features by assuming the early dissection of the country when there was 
supposed to be greater precipitation than at present and when there 


*U. 8S. Geological Exploration of the 40th Parallel, vol. i, 1878, p. 715. 
5 U. 8S. Geological Survey, Monograph XI, 1885, p. 26. 
* Bulletin of the Geological Society of America, vol. 12, 1901, p. 266. 
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existed many actually flowing rivers. Special stress is also placed on 
warping, folding, and faulting that “went on continuously all through 


. the Tertiary into the Pleistocene, and is even now progressing.” 
* Toward the northern end of the Mexican tableland, in New Mexico, 
s the ancient tectonics is well displayed. Some of the details 1 have re- 
Tl cently described’ at some length, although it is not as yet at all certain 
. that all of the thrust-planes recognized can be regarded as belonging to 
° the earlier period of deformation. On the whole, the general character 
“ of the ancient tectonics is that of gentle plication in contradistinction to 
| that of the more recent structures which are principally due to faulting. 
OLDER GEOLOGIC STRUCTURES OF THE GREAT BASIN REGION 

Of the four grand provinces of the arid region the Great Basin is 
physiographically the oldest. Only locally is the topography at all youth- 
f ful. Over most of the area the mountains are worn down to compara- 
e tively inconspicuous eminences, so low that with some exceptions forests 
t no longer cover their summits. They are described as buried up to their 


shoulders by detritus. Irrespective of structure, they everywhere appear 
to be made up of the most resistant rocks. 

The rocks are mainly hardened limestones, indurated sandstones, and 
eruptives. The contrasts of distinct and regular hard and soft rock- 
belts, such as are found elsewhere, are not so strong as in some of the 
other parts of the arid region. Viewed in the light of a distinct geo- 
graphic cycle for an arid climate we have to look to mountain-making 
agencies other than deformation and dislocation for an adequate and 
satisfactory explanation of the present configuration of the individual 
Basin ranges. 

Although mountain ranges of the Great Basin province display both 
gentle folding and profound faulting, the main effects of these have been 
manifestly long since mastered by vigorous desert-leveling, as Spurr has 
well urged. The most pronounced flexing and most of the faulting is 
relatively old—pre-Tertiary at least. Nowhere does there appear to be 
any genetic relationship between the rearing of the mountains and these 
foldings. The present mountains, therefore, seem to owe their existence 
not so much to general flexing or to recent and profound faulting as they 
do to the differential effects of true desert-leveling, in which the most 
resistant rocks longest retain the highest elevations. 

Critical inspection of the various diagrams of the Basin ranges, as 


tT Journal of Geology, vol. xiii, 1905, pp. 63-70. 
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given by King,* GilLert,® Spurr,’® and others, at once discloses the fact 
that there is a general independence of mountain profile and geologic 
structure. This feature is still more impressive in the field. Concerning 
this point, Lauterback’s discussion of the Humboldt Mountains and their 
structure has a special bearing."’ 


TYPES OF ANCIENT STRUCTURES OF THE BASIN RANGES 


Some of the more frequently occurring types of geologic structures 
which the Basin ranges present may be especially noted for the reason 
that, notwithstanding the great variety displayed, there appears to be so 
little direct or genetic relationship existing between the tectonics and the 
configuration of the mountains. It is to be noted that the several flexed 
types are all of the most open character. It is a significant fact that in 
nearly all of the original representations of the geologic cross-sections 
the actual presence of faults is so rarely recognized. This doubtless 
arises from several obvious and distinct causes. It is for such reasons 


Ficure 1.—Cross-section of the Humboldt Range 


as these that Dana,'* after exhaustively reviewing the literature of the 
subject in all its various phases, was led to the conclusion that the fault 


hypothesis of Basin Range structures was insufficiently supported by the 


data published. 

Field investigations recently carried on seem to demonstrate that in 
the cases of many of the ranges in which faults have been wholly un- 
represented in the diagrams dislocations are not only actually present, 
but some of them are of great throw. These faults are not necessarily 


normal ones. It now seems quite possible that some of them at least 
may be thrusts, which also originally reared mountains. The entire 
provincial geologic column being made up of hard and brittle rocks, the 
zones of shearing would be very thin and the angles of the planes with 
the horizontal very high. 


*U. S. Geological Survey of the 40th Parallel, vol. i, p. 451 et seq. 
®°U. S. Geological and Geographical Survey West of the 100th Meridian, vol. iii, p. 27 
” Bulletin of the Geological Society of America, vol. 12, pls. 24 and 25. 

" Bulletin of the Geological Society of America, vol. 15, 1904, pp. 289-346. 

12 Manual of Geology, fourth edition. 
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An uncommon type of ancient tectonics is displayed in the Humboldt 
range. The general attitude of the strata is that of a low and simple 
arch, the crest of which has been planed off, disclosing a central core of 
Azoic crystallines. Modified from King, the structure is as represented 
in figure 1. 

A more complex form of flexing is shown in the White Pine range. 
The general surface of the district, which is evenly beveled, gives no sug- 
gestion of an anticlinorium. There is, however, much detailed work 


Mokeamoke Ridge Long Valley Range 


Fiaure 2.—Geologic Cross-section of the White Pine Range 


needed in this range before the real significance of its structure can be 
made out. It is probable that in Spurr’s diagram (figure 2) certain 
fault-lines are omitted. 

In the Funeral range there is the unusual phenomenon of soft Tertiary 
beds constituting the main part of the mountains. These soft strata are 
over 4,000 feet in thickness. They have been described as furnishing 
critical evidence of very recent folding in all of the mountain ranges of 


Ficure 3.—Apparent Folding of Tertiary Beds of the Funeral Range 


the Great Basin province. There appear to be in the Tertiary sequence 
of strata an older section and a younger section, separated by a well 
marked unconformity, which seems to indicate a true erosion interval. 
The apparent fold in the beds is certainly due to the later layers resting 
on the inclined surfaces of a ridge of the earlier sediments which are now 
relatively hard sandstones. Opposite Mount Blanca the axis of the ap- 
parent anticline is in the middle of the Furnace Creek valley, but 10 
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miles to the south of this point the axis passes 2 miles to the east of the ’ 
creek under the basalt field (figure 3). : 
The inclination of the Tertiary beds is further emphasized by near-by : 
faulting. It seems very doubtful whether normal flexing has taken place 
to any appreciable extent. f 
At the south end of the Grapevine Mountains, and about 8 miles east ( 
of the last mentioned locality, is a similar phase involving Tertiary strata. 
/ 
PY 
] 
f 
Figure 4.—Tilted Tertiaries of the Grapevine Range 
The rocks are highly tilted and rise 2,000 to 3,000 feet above the plains. . 
They are composed largely of coarse materials, gravels and sands, more 
or less firmly cemented. Their high inclination appears to be due en- ( 
tirely to faulting. This mass of rock forms an integral part of the tilted 
block constituting the main range (figure 4). The structure is that 
which is commonly called simple monoclinal. 
§ 
Ficure 5.—Ancient Structures of the Vegas Range t 
Like phenomena, also involving hard Tertiary gravel deposits of great r 
thickness, are seen 60 miles to the southward at the south end of the t 
Funeral range. d 
The Vegas group of mountains is rather complicated. While there is f 
some gentle flexing, the principal tilting of the strata appears clearly to t 
be the result of deformation accompanying faulting. It is not improb- I 
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able but that several of the most conspicuous ranges have been formed 
directly through thrust-action. At any rate, the present configuration 
of the mountains gives no suggestion of the slightest genetic relationship 
between profile and structure. The contours of the ranges are those of 
general differential erosion under ordinary conditions of an arid climate 
(figure 5). 

A simple synclinal structure is represented in the Spring Mountains, 
at the extreme southern point of Nevada (figure 6). Here again the 
earlier observations are at fault in not disclosing important dislocations. 


Ficure 6.—Ancient Syncline of the Spring Mountain Range 


It is now known that there are in this range numerous and profound 
faults. Existence of some of the more pronounced faults should have 
been at least suspected long ago, as they are clearly visible from the town 
of Las Vegas, a distance of 15 miles. It is quite manifest that the pro- 
files of the range do not bear any relation whatever to the geologic 
structure. 

Not very unlike the Spring Mountains in structural character is the 
Grant range in central Nevada. There is here represented in the cross- 


Figure 7.—Old Arch and Trough of Grant Range 


section both an arch and a trough (figure 7). Were the eastern ridge of 
the range alone considered, there might be some ground for regarding as 
possible a close relationship between the mountain contour and its struec- 
ture; but in the ridge on the west side the strata of the high parts are 
disposed in a syncline. ‘There are reasons for believing that profound 
faulting exists near the eastern foot of the range. The configuration of 
the mountain is easy of explanation on the hypothesis of general desert- 
leveling, but extremely difficult on any other theory. 
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The cross-section of the Hot Creek range (figure 8), as given by Spurr, 
presents almost conclusive evidence of the perfect independence of the 
rearing of the mountains and the flexing of the region. In a broad way 
a part of the range may be regarded as a low arch repeatedly faulted and 
covered on one side by an immense thickness of eruptives. The profile is 
mainly erosional, not structural. 

That there was some orogenic movement of the region of the nature 
of faulting rather than flexing is shown in the dislocations which the 


Figure 8.—Faulted Arch in Hot Creek Range 


very late basalt flows have undergone. This phase of the subject has 
also been taken up by Lauterback’* in western Nevada. This author’s 
Muttleberry Canyon cross-section (figure 9) of the Humboldt range is 
well worth careful examination in this connection. 

Numerous examples other than those mentioned above are given by 
Spurr.'* 

So far as the Great Basin province is concerned the accumulated testi- 
mony goes to show that the characteristic flexure structures of the moun- 


/ 


Ficure 9.—Ancient and Recent Tectonics of Humboldt Range 


tain ranges that are displayed at the present time are mainly those of an 
ancient system of tectonics, in no way genetically related to the rearing 
of the mountains as they now appear, as noted by Dutton and Russell 
especially ; that in some of the ranges the rock-complex, with its ancient 
tectonic features, has been faulted in comparatively recent times, and 
that these minor slippings have more or less clearly impressed themselves 
upon the local relief by producing tilted block-ridges, as lately described 
by Spurr, Lauterback, and Davis; that in the majority of cases the great 


™ Bulletin of the Geological Society of America, vol. 15, 1904, pp. 289-364. 
1* Bulletin of the Geological Society of America, vol. 12, 1901, p. 217. 
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faults which might account for the average Basin range are old events, as 
considered by Dutton and Spurr; that most of the present mountains 
rise above the general plains-level largely for the reason that they are ero- 
sional residuals, composed of the more resistant rock-masses in the midst 
of weak rock areas, as early urged by King and later by Spurr; that the 
general shapes of the individual residuals are controlled to a very appre- 
ciable extent by the ancient geologic structures, frequently accentuated, 
perhaps, by late minor fault-movements ; that it is possible to formulate 
the salient Basin-range features by the aid of direct eolic denudation of 
an anciently faulted and folded region, in accordance with the present 
known workings of general desert-leveling under conditions of aridity, 
as I have more fully set forth in another place, and that the present tilted 
aspect of so many of the desert ranges is largely illusory, because in 
anciently broken and inclined strata which had been planed off the soft 
beds have been profoundly stripped from the resistant lavers, leaving the 
residual ridges with long, bare backslopes, as particularly noted in con- 
nection with the descriptions of the so-called tilted block-mountains of 
the Mexican Tableland province. 


OLDER GEOLOGIC STRUCTURES OF THE COLORADO PLATEAU PROVINCE 


With a few minor exceptions, the mountainous elevations which rise 
above the general plains-surface of this area are chiefly of volcanic origin. 


It is a remarkable fact that almost the entire surface of this vast area is 
essentially a stratum plane, or at least the hard layers are arranged en 
echelon. Unlike in any other part of the country surrounding, there is, 
on the whole, little evidence of marked folding of the Appalachian type. 
In the main, the whole province is a simple, single, quaquaversal arch. 
Typical Basin-range structure is, therefore, practically wanting. 

Only around the margins of the great dome is there noteworthy fault- 
ing. It was on the Great Basin side of the dome that Gilbert gained 
his first conceptions of the faulted and tilted blocks that afterwards were 
made to stand for his idea of the Basin-range type of mountain struc- 
ture. With the great simplicity of structure so apparent, there was 
seemingly at that time no other alternative but to extend the profound 
faulting of the Grand Canyon region indefinitely over the plains beyond. 


OLDER GEOLOGIC STRUCTURES OF THE CALIFORNIAN GULF BASIN 


In the valley of the lower Colorado River and the adjacent country on 
both sides, in southern California and southern Arizona, the mountains 
are composed largely of great successions of pyroclastic beds interspersed 
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with thick lava-flows. The lavas are presumably early Tertiary in age. 
Through frequent and extensive faulting, old continuous fields of erupted 
rocks are now disposed as broken and apparently tilted blocks, as in the 
case of the sedimentaries in other parts of the arid region. Little of the 
Paleozoic and Mesozoic strata is now displayed anywhere within the prov- 
ince. Where the old formations have been observed, as in the Prescott 
Forest Reserve, the Paleozoics show marked deformation. 

Although the mountain ranges of this province rise higher and more 
sharply above the plains-surface than they do anywhere else in the desert 
region, so very little of the older tectonics is open to inspection that from 
the visible ancient structures alone it would be difficult to say just how 
much flexing has had to do with mountain rearing. It is, however, man- 
ifest that whatever flexing is observable, it is quite ancient, and that 
there is little or no effect apparent from recent folding. The 3,000 to 
5,000 feet of section which the mountains expose above the plains are 
largely made up of the thick lava-flows and the interbedded tuffs. The 
only geologie structures which can have any close relationship with the 
rearing of the mountains is profound faulting. 

All evidences in this province seem to point conclusively to the fact that 
the mountains for the most part at least are true residuals, fashioned 
perhaps from faulted blocks, under conditions of general desert-leveling. 
McGee’s'® observations in the Sonoran district of northern Mexico also 
furnish incontestable testimony in support of this suggestion. 


OLDER GEOLOGIC STRUCTURES OF THE MEXICAN TABLELAND 


Several factors contribute to make the Mexican tableland a region 
especially instructive in the present connection. In comparison with the 
other three provinces mentioned there has been less voleanic action. The 
topography is much newer. The mountains appear to be more strictly 
of the ideal Basin-range type. There are clear and abundant evidences 
of ancient and profound faulting by which the mountains were originally 
blocked out. There are positive proofs that late folding has not con- 
tributed to any appreciable extent to the rearing of the ranges. The 
flexing and most other features accompanying great compressive action 
are clearly shown to have been already in existence in mid-Cretacic times. 
The ancient tectonics are sharply set off from those more recent and are 
of a very different character. 

Near the north end of the province the Sandia and Manzano ranges 
display typical features (figure 10). The throw of the main fault is at 


1 Bulletin of the Geological Society of America, vol. 8, 1897, pp. 87-112. 
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least 4,000 feet. The general geologic section across the northern end of 
this province, about at Engle, may be indicated as in the following dia- 


Ficure 10.—Geologic Cross-section of the Sandia Range 


gram (figure 11). The distance is about 60 miles and the height of the a. 
summits 8,000 to 10,000 feet above tide-level. _ 
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Figure 11.—Structure of the north End of Mexican Tableland 


The ancient tectonics of some of the ranges of this province are best 
indicated in diagram. Near Palomas Gap, in the Sierra de los Caballos, 
a thrust-plane is finely displayed. A cross-section of the range near the 
point mentioned is represented as follows (figure 12) : 
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Figure 12.—Old and Young Tectonics of Caballos Range 
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Near the north end of the same range, Caballos Peak, which rises 4,000 
feet above the plains, shows the following structure (figure 13) : 
Figure 13.—Thrust Plane in Caballos Peak 
On the Chupadera Mesa, in the eastern part of Socorro County, New 
Mexico, the Carbonic limestones, for a distance of 1,000 feet on either 
side of a huge dike, are upturned and the whole planed off and covered 
by horizontal Cretacic sandstones (figure 14). 
 Cretacic _Sandslones 
QQ 
Y, I 
tO, 
Fieure 14.—Ancient Tectonics of Chupadera Mesa, New Mevico b 
Illustrations of these phenomena might be repeated indefinitely. It suf- > 
fices to say that they all go to show in a conclusive manner that the more 
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conspicuously folded structures usually observed in the Desert ranges be- 
long to an ancient system of tectonics and have no genetic relations with 
the rearing of the mountain ranges themselves. 


RELATIONS OF THE MOUNTAIN RANGES TO FLEXURES 


From the records of the observations recently carried on in all four of 
the grand divisions of the American desert region the accumulated evi- 
dences seem to be conclusive that the main flexing of the strata is very 
much older than the present mountains possibly can be. The ancient 
tectonics does not appear to be obliterated, or even notably disguised, by 
any of the post-Triassic movements. As indicated by all the known 
geologic cross-sections of the mountain ranges, the form of the latter can 
not be regarded as having any direct genetic relationship whatever to the 
flexed structures of the rock-masses. Arches, troughs, monoclines, and 
flat-lying masses are truncated alike. Mainly to differential erosion 
must the present surface inequalities be considered as owing their origin, 
and the erosion is regarded as deflative in character. 


GEOLOGIC EVOLUTION OF DESERT RANGES 


The anomalous climatic conditions of the desert region and the gen- 
eral activities of desert-leveling or deflation have been already discussed 
in another place.** No specific application of the principles to the 
moulding of the Basin ranges, or rather Desert ranges, has yet been made. 
The idea of desert-leveling, as now understood and applied to the Basin 
ranges, does away with many of the obstacles which the fault theory has 
long encountered. It does not necessitate the postulation of a former 
humid climate and the development of wide branching drainage systems, 
as recently urged by Spurr.’7 Tt makes it possible to formulate a con- 
nected system of the salient geographic features of the region through 
mere means of general wind denudation. The general relief effects are 
not very unlike what they are in more humid lands, as the Appalachians, 
differing chiefly only in the character of the principal erosive agency. 

According to the principles of general desert-leveling by deflation it 1s 
not necessary to fancy, for the beginning of an arid cycle, an even surface 
like a peneplain. Whatever the nature of the relief when such a cycle 
began, the most active erosive forces would commence work just as they 
found it. They would soon fashion all features after their own way. 


% Bulletin of the Geological Society of America, vol. 19, 1908, p. 63. 
1 Bulletin of the Geological Society of America, vol. 12, 1901, p. 266. 


ee P 
| 
+ 
‘ 
‘ 
- 


560 ©. R. KEYES—PROFILES AND STRUCTURES IN DESERT RANGES 


The soft rocks would be acted upon much faster than the hard ones, just 
as in a humid country. The tendency would be naturally to greatly 
accentuate the larger geologic structures. The latter would be expressed 
in the topographic forms as clearly as they are in such districts as the 
Appalachians or the Juras. Desert erosion has gone on so long and so 
extensively in the region under consideration that all the landscape 
shapes now may be regarded as the direct products of deflative erosiou, 
except in a comparatively few instances where there is some modification 
on account of recent minor faulting. 

First reviewing deductively the field of Basin-range genesis, as dis- 
played in the northern part of the Mexican tableland, it seems wholly 
inadequate, with existing conditions of an arid climate imposed, to postu- 
late a development of the present mountains by direct rearing through 
profound fault movements. 


Sierra Se los Caballos San Andreas Mts Sacramento Mts 


Ficure 15.—Apparent Basin-range Structure in the Mevrican Tableland 


Assuming the initial factor of an upraised peneplain in a region which 
had been previously gently flexed and profoundly faulted, such as the 
New Mexican area appears to have been, with great thicknesses of weak 
strata 10,000 to 15,000 feet in vertical measurement, overlying an equally 
thick section of beds of very resistant character, the most noteworthy 
feature in the areal distribution of the geological formativuns would be 
the marked alternation of belts of hard and soft rocks. The ideal gen- 
eral tectonics of the region is, therefore, that of the typical Basin-range 
structure. This is represented below (figure 15) of an actual section 
across the Jornada del Muerto, in southern New Mexico,’* in which the 
dark band is the great Carbonic limestone formation. 

When, however, we come to look for evidences of actual fault-lines we 
do not find them where we would expect them to occur, on the theory 
that the mountains were reared by fault-movements of 4,000 to 10,000 
feet—that is, at the bases of the so-called range-blocks, where mountain 
sharply meets plain-——but when they occur it is invariably far out on the 


Journal of Geology, vol. xiii, 1905, p. 67. 


E 
ae 
( 
( 


| 


GEOLOGIC EVOLUTION OF DESERT RANGES ov 


latter. It is, in fact, about as far from the fault-line to the crest of the 
range as it is from the latter to the base of the backslope. As a rule, 
the ranges are bilaterally symmetrical. They would hardly be so if they 
were recently reared and tilted fault-blocks. 

For simplicity, four distinct stages of Desert-range development may 
be premised. First is the period of completed sedimentation, represented 
by the general geologic column. Of this we have ample evidence in the 
sequence of geologic formations represented in the different parts of the 
region. Above the great thickness of hard Paleozoic limestones come 
non-resistant beds consisting of 3,000 feet of red-beds (1,000 feet of 
which are Mid-Carbonie in age, 1,000 feet of Late Carbonic, and 1,000 
feet of Triassic age), a varying thickness of soft Jurassic sandstones, 
7,000 feet of Cretacic shales and sandstones, and, finally, 5,000 feet of 
Tertiary beds. 


Figure 16.—Stages of Development of Desert Ranges 


In point of time, according to our best information, the major flexing 
of the region took place in Jurassic times, the major faulting in early 
Tertiary times. Unaffected by erosion, the dislocations would give re- 
sults similar to those shown in the diagram below (figure 16, a). De- 
formation and erosion no doubt went on simultaneously, giving a more or 
less subdued profile, represented by the line 6 in figure 16. As erosion 
progressed the country must have been reduced practically to the condi- 
tion of a peneplain (line c, figure 16), with possibly here and there some 
of the older and harder rock-masses protruding above its even surface. 
The remnants of this great plain beveling the substructure everywhere 
appears to exist in that high-lying mass constituting the Raton range in 
northeastern New Mexico, the flat summit of which is known as the Mesa 
de Maya.’® Indications of general peneplanation are also shown in many 
of the other plateau plains of the region. 


1” Proceedings of the Iowa Academy of Sci vol. xiii, 1908, p. 221, 
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The fourth stage may be considered as beginning with the peneplain 
upraised high above the sealevel, the introduction of arid climatic condi- 
tions, and the full play of eolic erosional influences producing after a 
long time the present day facial expression of the country (line d, fig- 
ure 16). 

With these purely deductive conclusions the facts observed seem strictly 
to accord. A concrete, and at the same time most typical, example is 
the great San Andreas ridge in southern New Mexico, directly north of 
El Paso. Its crest is 4,000 to 5,000 feet above the plains and 9,000 to 
10,000 feet above sealevel. Of all the desert ranges, this one would seein 
to present most clearly a tilted fault-block rising abruptly out of a vast 
sea of earth. For a distance of 100 miles the steep eastern face of the 
range appears to be as true a faultscarp as is to be found in any ideal 
Basin range. 

When the critical evidences are sought of recent upraising and tilting 
of this long mountain block, and, indeed, of other similar ranges, they 
appear to be lacking in a surprising manner. The fault-line is found to 
be located several miles out on the plains, far beyond the base of the 
mountain. A transverse profile of the range shows it to be rather sym- 
metrically developed, with the crest-line nearly midway between the 
fault-line and the base of the backslope. The plains on either side have 
rock-floors. The long, narrow belt of remnantal mountain rock is bor- 
dered by broad areas of weak shales. Very inadequate explanations at 
once appear in the fault hypothesis of the rearing of the mountain range. 
One must turn to some other suggestion for the great mountain-forming 
agency. Nor does ordinary erosion suffice. In view of the well known 
deficiencies of rainfall, with the still more marked absence of running 
waters, one is tempted to seek some erosive process other than stream 
action. It is in the arid region that the eolian influences find their maxi- 
mum activities as erosional processes. 

Under conditions of aridity, the differential effects of wind-scour, or 
deflation, upon rock belts of contrasted induration are very different 
from what they are in a normal humid climate. The inequalities of sur- 
face relief are in consequence very much more rapidly accomplished than 
when stream-action is the chief eroding process. In general, it may be 
stated that in the case of hard rock-masses in an arid land eolic erosion 
is probably less than one-tenth as efficient as in a normal humid country 
water action would be, while in the case of weak rocks it is more than 10 
times greater. This is, no doubt, the principal reason why to most ob- 
servers in the desert regions such manifest evidences of enormous erosion 
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are so impressive on every hand, while the recognized absence of an abun- 
dance of running waters makes it appear that the progress of erosion 
must be extremely slow. The latter is, of course, the only possible alter- 
native when water is assumed to be the sole erosive agent. 


RECAPITULATION 


From the foregoing consideration of the most obvious geologic struc- 
tures presented by the Desert ranges of western United States, it appears 
that: 


1. The folded structures, such as are displayed in some of the Basin 
ranges and by many of the Desert ranges outside of the confines of the 
Gireat Basin, belong chiefly to an ancient system of tectonics (Early 
Mesozoic). 


2. These flexed structures have usually no direct genetic relationships 
with the rearing of the present mountains. 


3. The major faulting is also mainly old and long since completely 
mastered by erosion, and has small direct connection with the rearing of 
the present ranges. 


4. The entire flexed and faulted region was planed off to the condition 
of a peneplain before it was upraised and presented to the sculpturing 
agencies through which the present mountains took form. 


5. The tectonics of the region have merely an accidental réle rather 
than a direct genetic influence in the shaping of the Desert ranges. The 
present facial expression of the arid region and its evolution into abrupt, 
narrow, and lofty mountain ranges and broad, even plains are due directly 
to the differential effects of general desert erosion on alternating belts of 
very resistant and very weak rock-masses. 


6. The present profiles of the desert ranges are thus largely inde- 
pendent of faulting movements, and the erosional shapes assumed only 
emphasize the gently flexed bedding structures. 


%. The general desert-leveling and lowering of the country goes on 
much in the same way as planation proceeds in humid regions, except 
that there is no downward limitation at sealevel. 
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8. The differential sculpturing of erosion under conditions of aridity 
are very different from those in a humid climate, in that the deflative 
effects on the more resistant rock areas are very much less vigorous than 
those of normal corrasion, and on the weak rock belts very much more 
powerful. 
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INTRODUCTORY 


The desert has given us the two great laws on which rests the entire 
scheme of ancient and modern landscape evolution. Arid regions have 
supplied the fundamental data for a general plan of land sculpturing 
that is in its nature strictly genetic. It is, indeed, as recently stated, a 
notable fact that the waterless waste should furnish us first glimpses of 


1 Manuscript received by the Secretary of the Society August 16, 1909. 
XL—BULL. Gpou. Soc. AM., VoL. 21, 1909 (565) 
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the mutation of land forms in the humid countries. One of the great 
principles thus formulated has been so suggestive of tangible results in 
the land of its birth that it has done more, perhaps, than any one factor 
to cast into shadow the other. The geologic processes whereby the second 


basic principle manifests itself have been until very lately almost wholly 
overlooked. 


Mele 


. 


Fieur® 1.—Geographic Provinces of Arid United States and Northern Mezico 


It is the arid region which has introduced to us an erosive agent more 
potent than corrasion, more constant that the working of the rains, more 
extensive and persistent than the encroachment of the sea. Eolian ero- 
sion, wind scour, or eolation, must ever grow in effectiveness as the his- 
tory of our globe goes on and erosion lasts. It may be that in the linea- 
ments of our moon we see the final effects of eolic powers. 
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Powell’s deductions’ regarding denudation in the dry regions of west- 
ern United States led to the great generalization of the baselevel of ero- 
sion. Not less important and far reaching was the later deduction of 
Passarge® of desert-leveling without baseleveling. For the development 
of these basic ideas into a general, definite, and systematic working 
scheme chief credit, of course, belongs to Prof. W. M. Davis. This au- 
thor has developed the normal cycle of land degradation ;* he has pre- 
sented a plan of a cycle of erosion under glacial conditions,® and more 
recently he has discussed a geographic cycle in an arid climate.° 

It is to the operation of certain processes of general denudation under 
conditions of aridity that attention is here called. Two features in par- 
ticular, the relative efficiencies of the different erosive agencies in a dry 
climate and the probable character of the general surface relief of the 
American desert region at the beginning of the present arid period, have 
not as yet been accorded the critical consideration that they seem to de- 
mand. For obvious reasons specific illustration is drawn here mainly 
from the desert regions of southwestern United States and from northern 
Mexico. In a general treatment of the subject later on, facts from other 
desert districts of the globe will be more fully considered. 

The published descriptions of American arid features relate principally 
to the Great Basin. The desert region of this country is, however, a far 
greater expanse. Of it the Great Basin is only a minor part. Its major 
distinctive provinces are known as the Great Basin, the Colorado plateau, 
the Californian Gulf basin, and the Mexican tableland. For purposes 
of present discussion the approximate boundaries of these provinces are 
indicated on the accompanying sketch map (figure 1) of western United 
States. 

GENERAL CHARACTERISTICS OF THE ARID COUNTRY 


Among the most distinctive peculiarities of the desert region, and those 
which present the strongest contrasts to the relief expression of moist 
countries, may be mentioned the following characteristics : 

. Vastness and evenness of the intermont plains ;’ 

. Complete encirclement of the mountains by plains ;* 

. General isolation of the mountain ranges ; 

. Characteristic absence of foothills around mountain ranges ; 
. Great resistance to erosion of the mountain rocks ; 


2 Exploration of the Colorado River of the West, 1875, p. 207. 

* Zeitsch. d. deut. geol. Gesellschaft, LVI Bd., Protokol, 1904, p. 193. 

* National Geographic Magazine, vol. i, 1888, pp. 11-26. 

5 Proceedings of the Boston Society of Natural History, vol. xxix, 1900, pp. 273-322. 
* Journal of Geology, vol. xiii, 1905, pp. 381-407. 

™ Keyes: Bulletin of the Geological Society of America, vol. 19, 1908, p. 63, 

* Journal of Geology, vol. xvi, 1908, p. 434. 
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6. Soft substructure of the plains which constitute four-fifths of the 
entire desert area ;* 

7. Remarkable beveled rock structure of the plains surface ;*° 

8. Plains character of the intermont rock-floors themselves ;" 

9. Representation of former plains-levels by the plateau-plains ;** 

10. Remarkable thinness of the surface mantle of many plains; 

11. Transported nature of the surface materials ; 

12. Marked tendency of the surface mantle to make the plains 
smoother ; 

13. Gravelly character of the surface mantle only apparent; 

14. Notable absence of normal rock-weathering ; 

15. Absence of distinct waterways on the plains ;'* 

16. Extent of sheetflood transportation."* 

There are other major features which need not be enumerated in the 
present connection, and many minor characteristics of which even a list 
would be of great interest. Some of these desert features have not been 
especially noted. The origin of many of them has been ascribed to the 
same erosive processes which are most active in the more familiar humid 
regions. Only recently have the older interpretations of desert structures 
been questioned. The later writings of Walther, Spurr, McGee, Passarge, 
Davis, Penck, Keyes, and Cross contain many statements suggesting 
that the new explanations must now be sought if we are to satisfactorily 
account for many of the physiographic aspects of the desert regions. 
That the features mentioned are distinctive of arid countries and find no 
counterpart in the humid lands is only beginning to be generally appre- 
ciated. Eolative phenomena are as varied and as peculiar to the desert 
as are the ordinary erosional effects by running waters under normally 
wet climatic conditions. 

The critical criteria for recognizing eolative effects are discussed at 
length in another place. Typical views of some of the most character- 
istic relief features I have presented in a recent bulletin of the Geological 
Society of America,’® to which reference may be made. 


PECULIARITIES OF AN ARID CLIMATE 


In the present connection only the more striking features of an arid 
climate need be mentioned as bearing directly upon the phenomenon of 


* Bulletin of the Geological Society of America, vol. 19, 1908, p. 76. 

1° American Journal of Science (4), vol. xv, 1903, p. 207. 

1 Engineering and Mining Journal, vol. Ixviii, 1904, p. 670. 

12 Proceedings of the Iowa Academy of Sciences, vol. xili, 1908, p. 221. 
13 American Geologist, vol. xxxiv, 1904, p. 160. 

4% American Journal of Science (4), xxiv, 1907, p. 467. 

45 Bulletin of the Geological Society of America, vol. 19, 1908, p. 570, 
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eolation. Most influential is, of course, deficient rainfall—under 10 
inches annually—none or very little of which ever reaches the sea. On 
the plains, which occupy four-fifths of the entire arid area of the United 
States, the yearly precipitation is often no more than one-half of this 
amount, while on the higher mountains it is several times as much. 
Evaporation is high, frequently ten times as much as the precipitation. 
Vegetation is sparse and does not bind the soil. Rock wasting is mainly 
mechanical rather than chemical. 

The small rainfall gives little opportunity for appreciable stream work. 
Only in the loftier, forest capped mountains does water action at all ap- 
proach normal; but these spots are very insignificant in extent compared 
with the size of the whole desert. The mountain streams are, as a rule, 
shorter than their slopes. There are only few traces of waterways on the 
plains. Few or no perennial streams originate within the arid limits. 
The few rivers which are found in the desert region merely traverse it 
on their way to the ocean, their headwaters being extralimital. What- 
ever running water there is comes from the infrequent and local “cloud- 
bursts,” and these sporadic flood-waters spread out over the smooth plains 
in broad sheets rather than in the usual restricted streams. 

The dry, pulverulent soils and the bare rock outcrops, unprotected by 
plant growth, give unusual opportunities for vigorous eolian erosion and 
extensive transportation of the finer rock-waste by the winds, for the 
latter are constant and strong. In the absence of sufficient rainfall, eola- 
tive processes are at their best, and as geologic agencies of erosion attain 
an importance that is wholly unknown in humid lands. 


RoOcK-WEATHERING IN DESERT REGIONS 


Before considering the relative efficiencies of the.several degradational 
agencies in the desert region, there should be briefly contrasted some of 
the differences in character of the materials worked on in a normal humid 
climate and under conditions of aridity. Restricting the term rock- 
weathering to those superficial changes which rock-masses undergo when 
exposed to the air, and which finally encompass their complete destruc- 
tion as distinct geologic units, such compositional modifications of the 
rocks in a dry climate present many peculiarities. 

While it is generally recognized that the continual breaking down of 
geologic formations at the surface of the ground is both chemical and 
mechanical in character, it is well known that a clear distinction between 
the two processes is not always made. In the moist climates, where most 
of us have had our widest geologic experiences, chemical decomposition of 
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the rocks so very greatly predominates over their mechanical disintegra- 
tion that often the latter in comparison is scarcely noticeable. In the 
arid regions not only is the very reverse true, but it is so to a preeminent 
degree. 

It is a well known fact that the chemical decay of rock-masses takes 
place with greatest facility under conditions of heavy rainfall and warm 
climate. Rock decay appears to be, as Russell** has observed, the direct 
result of normally wet climatic conditions. In cold or arid regions the 
rocks are scarcely at all decayed. 

On the moist Atlantic slope, within the granite areas of the Piedmont 
plateau of Maryland, for example, complete rock decay has been noted'’ 
to extend to depths of 40 to 50 feet. Farther south, in the Coosa Valley 
of Alabama, general decomposition of the rocks frequently reaches depths 
of 200 to 300 feet. Derby’* has shown that in Brazil chemical breaking 
down of the rocks attains even greater depths than any of those men- 
tioned. Under especially favorable structural conditions, as in the case 
of fault-planes, mineral veins, and other local influences of like nature, 
rock decay sometimes goes on to distances of more than 1,000 feet from 
the surface of the ground. Almost everywhere in a moist climate rock 
decay takes place faster than the decomposed materials are removed. 

In marked contrast to the breaking down of rock-masses in the moist 
regions, the arid lands present extensive bedrock surfaces showing little 
or no signs of real decay. Destruction of these rocks is almost entirely 
mechanical in character ; in comparison the chemical effects are practically 
nil. The slightest amount of chemical decomposition which rock mate- 
rials undergo at the ground surface is well shown by the great talus slopes 
and other accumulations of colluvial deposits that form veritable rubble 
piles of ponderous size, and with materials se fresh to all appearances 
that they seem to have come direct from some gigantic rock crusher. 
Even the adobe soils of the arid region, when examined under the micro- 
scope, attest the strictly mechanical origin of the finer materials. 

In the desert region of the West, only in open mineral veins where 
moisture can accumulate do normal signs of rock decay appear. The 
presence of moisture in such situations is sometimes shown most strik- 
ingly by fault-lines which are marked on the barren surface of the ground 
by rows of green bushes and small trees as sharply defined as hedge-rows 
set by the side of regularly surveyed country roads. Not only do the 
rugged mountain ranges of the desert disclose little rock decay, but the 


%# Bulletin of the Geological Society of America, vol. 1, 1890, p. 134. 
7 Keyes: U. S. Geological Survey, 15th Annual Report, 1895, p. 728. 
1% American Journal of Science (3), vol. xxii, 1884, p. 138. 
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substructure of the intermont lowlands rarely displays evidences of chem- 
ical decomposition. As a factor in the general reduction of the land 
surface toward sealevel, the chemical decomposition of rock-masses under 
conditions of an arid climate may be neglected. 

In southwestern United States the floors of the intermont desert plains 
have been described recently’® as often covered only to very slight depths 
by soil materials and as presenting almost everywhere the beveled edges 
of the rock strata, with little indications of rock decay. McGee®® has 
called attention to similar conditions on the coastal plains of Sonora, in ] 
northern Mexico. Such conditions could hardly exist if rock decay were 
to go on to any marked extent. 


LIMITATIONS TO GEOLOGIC WorK OF WATER IN ARID REGIONS 


CLASSES OF EROSIONAL EFFECTS 


In the desert region the erosional effects of running waters may be 
considered under four heads: (1) General corrasive phenomena, (2) 
sheetflood effects, (3) arroyo running, and (4) the influence of large 
streams with extralimital headwaters, flowing across the arid areas 
through to the sea. 


GENERAL CORRASIVE PHENOMENA 


In the arid country the general effects of water action are made con- 
spicuous by their absence. As I have recently shown,” the corrasive 
effects of water must be extremely impotent in a region in which the 
annual precipitation is less than 10 inches, nineteen-twentieths of which 
sinks into a porous soil as soon as it touches it. Yet these are the condi- 
tions presented by the greater part of the American arid country. The 
want of distinct drainage lines trenching the surface of the plains, all of 
which have high gradients, amply attests the deficiency of local corrasion 
effects through means of running waters. 

It is only in the loftier mountain ranges within the arid district that 
there is any approach to normal corrasion by water. The mountains F 
themselves are invariably made up of very hard and resistant rocks. 
With few exceptions the desert ranges are almost devoid of soil and plant 
growth is very sparse. The constant high winds keep the soil removed 
and the rocks bare. On such surfaces corrasion by water is, generally 
speaking, comparatively slight, as observation throughout the region 


1” Keyes: Bulletin of the Geological Society of America, vol. 19, 1908, p. 63. 
® Bulletin of the Geological Society of America, vol. 8, 1897, p. 991. 
2! Bulletin of the Geological Society of America, vol. 19, 1908, p. 90. 
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clearly indicates. The relatively small volume of coarse detritus brought 
down from the highlands and deposited in the fans at the base further 
shows how remarkably unimportant is stream work. This is one of the 
great surprises to one leaving the humid region and entering the desert 
country. 

ROLE OF THE PLAINS FLOOD-SHEET 


In recently*? discussing some of the effects of the desert floodsheet, I 
described the phenomenon as it appears on the plains—those vast noticea- 
ably inclined intermont plains of the Mexican tableland. This is the 
true floodsheet, as it is understood and is called by the dwellers of the 
arid region of southwestern United States. McGee’s account** of the 
sheetflood is really a picture of “cloud-burst” effects in a desert mountain 
range, and the advancing flood front which this author so graphically 
portrays is the temporary mountain torrent debouching from a canyon 
and spreading out over a great fan. This phase of local flood waters is 
by the desert dwellers distinguished as arroyo-running. The effects of 
these sporadic but Severe thunder-storms in the mountains and on the 
plains are diametrically opposed. 

It does not seem advantageous to group both phenomena under a single 
heading, so very different are the effects of the two from each other. The 
floodsheet, as understood by the people of the region in which it takes 
place, is, as already stated, a strictly plains phenomenon. The sheet- 
flood described by McGee is, as noted, a phenomenon of the mountains. 
Gradationally the first is constructive, the second destructive. The latter 
in its workings corresponds to normal stream corrasion in the humid 
land. The former in its constructive effects is merely a means of local 
transportation of wind-deposited dust; its corrasive powe.. uve slight at 
best and usually merely accidental. 

The plains floodsheet has little general corrasive effect, for the reason 
that the cloud-burst is of too infrequent occurrence to enable it to ex- 
tensively erode the rock floor. The materials which it transports are 
mainly the finer soils which the winds have already drifted about over 
the plains. The flowing mud which marks its course is soon dried to the 
same pulverulent condition that it was before, and it is again carried 
away by the winds. The only noteworthy effects of the floodsheet is the 
filling of the wind-blown hollows in the surface of the plains. Thus it 
tends to make the plains smoother. This also accords with Passarge’s 
observations in the South African desert plains. 


* Bulletin of the Geological Society of America, vol. 19, 1908, p. 78. 
Ibid., vol. 8, 1897, p. 
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To the floodsheet has been ascribed the chief planorasive effects of the 
arid regions. The law of running waters in the desert has been thought 
to be contrary to what it is in a humid climate. Instead of surface 
waters gathering into streams, they have been regarded as spreading out 
into sheets. Mainly to this peculiarity of sheet-water behavior the level 
features of the arid landscape have been thought to be due. That these 
deductions are not entirely warranted by close observation of plains sheet- 
flood effects is conclusively shown by a number of facts. 

The real reason why excessive desert waters flow down the inclined 
plains surface in broad sheets—floodsheets—rather than in narrow chan- 
nelways, as in a normal humid country, is that the plains are already 
prepared as such for the flood waters. The plains were there before the 
waters came. The moving waters do not form the plains. The cor- 
rading effects of running waters are the same in the desert country as 
they are in the most humid land. The main difference lies in the fact 
that copious rainfall in the desert is far less frequent than in the humid 
region. On an average, a given locality probably does not have suffi- 
ciently heavy precipitation to form a floodsheet oftener than once in a 
dozen years. The gradients of the intermont plains are all ample for 
very effective work by water. The slopes from the mountain bases have 
usually at least a 2 or 3 per cent grade, and often very much higher 
slopes—150 to 200 feet to the mile. Besides, the middle of the plains 
have a pitch nearly as high. Nevertheless the plains surface remains 
uncorraded by the sporadic waters, for the reason that “between showers” 
all inroads of normal water action on the plains surface are quickly filled 
up and smoothed over by the drifting, wind-blown soils. A freshet gully 
may last a day or a week, and is then smoothed over and obliterated. It 
is a thousand weeks before another may be formed in the neighborhood. 
To the casual observer, water action on the desert is not normal, because 
its corrading effects are immediately and completely counteracted by the 
more powerful and constant wind effects. In an upraised region the nor- 
mal effects of running water is to excavate trenches, ravines, and valleys ; 
the tendency of the winds, when they can act, is to smooth over inequali- 
ties in the surface. 

Were the leveling tendencies of the winds wholly absent from the desert 
region, it is quite probable that the corrasion effects of what surface 
waters there are would be much the same as they are in the humid lands, 
differing only in degree. This is well shown in cases where wing dams 
have been constructed to protect lines of railway from the disasters of the 
floodsheet, and the latter has come before the earthworks have had time 
to be leveled by the winds. In one instance in particular the culvert and 
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track were washed out in less than an hour’s time, and a canyon 75 feet 
deep, 50 feet wide, and several miles in length was excavated in the 
smooth surface of the sloping plain. By the time a permanent bridge 
was built to span the deep trench the winds had filled the entire excava- 
tion, so that where a yawning chasm had been was as smooth as the rest 
of the plain, and the wing dams alsc had melted down into the general 
smoothness of the desert surface. For several years, until it was finally 
replaced by an earthen grade, travelers were wont to express great won- 
derment at the possible utility of a fine iron bridge resting on the smooth 
sands of the desert plain. 

In another instance an arroyo was partially obstructed by a wing dam 
composed of large boulders and a ditch cut out laterally from the low 
bank for the purpose of diverting over the adjoining plain some of the 
flood waters for irrigation. The first time the dry creek filled with water 
an impassable chasm 50 feet deep was cut for a distance of several miles 
across the plain. 

As a corrasive power the floodsheet of the desert is so counteracted by 
the general leveling effects of the winds that its influence is as inappre- 
ciable as are the eolian effects in humid lands. The heavy sediments car- 
ried by the floodsheet often fill the hollows formed by wind scour in the 
surface of the plains. The only noteworthy function that the floodsheet 
performs is that of transporting the finer rock waste in large quantities. 
Even this is not so important as it at first glance might appear. The 
floodsheet merely carries down the plains slope for a distance of a few 
miles, perhaps, the wind-formed soils which, as soon as dry again, are 
blown back up the slope or out of the area. 

The great work of the sheetflood of the desert corresponds in a humid 
clime merely to the movement of the idle, wind-blown sands of the sea- 
shore. 

There are some phases of floodsheet effects that are of exceptional in- 
terest. A most noteworthy result of constructive work and _ repeated 
local oceurrence of the sporadic “cloud-burst” on the plains is the forma- 
tion of the playa. Under favorable conditions considerable sections of 
stratified deposits may thus form. It may be that some of the extensive 
Tertiary “lake” deposits of such districts as Death Valley, in eastern 
California, belong to this class. Another instructive result is the forma- 
tion of ephemeral lakes in the deserts. At intervals of a century or two 
sheetflood or arroyo-running conditions sometimes prevail to an almost 
unheard of extent. In the Carmen bolson, in the State of Chihuahua, 
Mexico, unusual and repeated floodsheet waters produced a lake of large 
size. Still farther to the south, at Luguna, in the Sanz bolson, the flood- 
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sheet in a single night compelled the Mexican Central Railway to move 
its track for many miles a distance of 7 kilometers from the original line 


of location.** 
ARROYO-RUNNING 


The nearest approach to normal stream work in the desert country is 
found in the loftier mountain ranges. As the storm waters of the moun- 
tain drainageways enter the plains they quickly sink from sight. This 
disappearance occurs even when there are exceptionally heavy local 
showers. Under these conditions streams extend but little farther from 
the bases of the mountains than at other times. With the exception of a 
few days out of each year, the lines occupied by storm waiters, including 
the liwer reaches of the mountain streams, are without water. Arroyos, 
or dry creeks, the Spanish-speaking people of the region call them. 

To the dwellers of the arid region the running of the arroyo is always 
an event of more than passing notice. It has the constant solicitude of 
the traveler. At times of heavy rainfall in the neighborhood the dry 
drainageway, which in the sparsely settled districts is also often a road- 
way as well, becomes a raging torrent. It sweeps everything before it. 
Trains of gravel and boulders mark its course when it ceases flowing. 
The fan that it builds up at the mouth of its mountain canyon is often 
a mile or more across. From the point where the streamway debouches 


from its canyon the flood waters spread out in a broad sheet over the 
surface of the fan, for the latter has no deep channelways. It is arroyo- 
running after debouching upon the alluvial fan that McGee so well de- 
scribes under the title of sheetflood erosion, rather than the action of the 
true floodsheet of the desert plains. 


INFLUENCE OF THROUGH-FLOWING STREAMS 


In the American arid region there are three large perennial rivers orig- 
inating without the area that, after traversing the desert, flow through 
to the sea. They are the Rio Colorado, the Rio Grande, and the Rio 
Pecos. With the exception, perhaps, of the Colorado River, none of 
these streams receives tributaries in its passage through the dry region. 
After leaving the State of Colorado the Rio Grande, for instance, flows 
for 1,000 miles without notable lateral augmentation to its waters. 

While these streams flowing through to the sea receive practically no 
additions to their volume from lateral waters within the arid country 
through which they flow, they have a very interesting geologic history. 
The huge valleys which they occupy appear to be out of all proportion to 


™% Keyes: American Journal of Science (4), vol. xvi, 1903, p. 377. 
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the small amounts of water which they contain during the greater part of 
the year. Their gradients are high, enabling them to carry prodigious 
quantities of water when the snows are melting in the Rocky Mountains. 
Their effective erosive powers are well shown in the turbid character of 
their waters and the vast amounts of silt which they at all times transport. 

The immediate valleys of these streams are among the most remarkable 
known. They extend from mountain range to mountain range on either 
side, a distance often of a score of miles. Their bottoms lie many hun- 
dreds of feet below the level of the general plains surface of the region. 
The Rio Pecos flows in a wide valley the river level of which is 1,500 feet 
beneath the general plains surface. The Rio Grande, which is probably 
the most characteristic of all of the through-flowing rivers, follows a line 
of old bolsons below the level of which the present bed of the stream is 
about 2,000 feet. The canyon of the Colorado River is a mile deep. 

The Rio Grande, being typical of the large rivers crossing the desert, 
has received more detailed consideration than any of the others. This 
stream is really one of the great rivers of the American continent. It is 
as long as the Mississippi. Unlike the latter waterways it has, for a large 
river, a very high gradient. For the first 1,000 miles from its head- 
waters the average fall is over 5 feet to the mile. In times of flood the 
waters are almost of torrential nature. At certain other times of the 
year, as in the months of July and August, the stream is very nearly dry, 
although there is always a strong underflow beneath the sandy bottom. 

Physiographically the origin of the Rio Grande is complex. That part 
of the river’s course which lies in New Mexico is in the main antecedent 
in character. As already noted, no lateral drainage of perennial nature 
is received by the great stream above the mouth of the Rio Pecos. All 
increase in the waters of the grand stream from the sides takes place only 
during very brief and infrequent periods of heavy rainfall. The side 
waters are then torrential. At other seasons of the year these tributaries 
are true dry creeks, as their Spanish title appropriately signifies. These 
arroyos have very steep gradients, often 2 to 4 and even more feet in a 
hundred. 

The exact réle that the arroyos play in the general erosion of the coun- 
try is not always clear. In the mountain ranges on either side of the 
valley of the grand stream the arroyos occupy deep canyons. In this part 
of their courses their channels are being rapidly cut deeper and deeper 
into the indurated bedrocks. After emerging from the mountains these 
lateral drainageways may become as pronouncedly constructive in charac- 
ter as they were destructive before. Into the Rio Grande channel the 
side arroyos no doubt pour in the aggregate large volumes of coarse 
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mountain waste. The alluvial fans which are formed appear to become 
confluent, especially when the river’s channel rapidly meanders. On 
either side of the river broad plains are thus built up, and these are in- 
clined strongly toward the channel of the master stream. Were the river 
free from lateral swinging these plains would doubtless become contin- 
uous and even, like the intermont plains beyond the great valley. 

The valleys of the through-flowing rivers afford a means of measure- 
ment between general desert-leveling and lowering of the country by the 
winds alone and general erosion by the winds assisted by stream work. 
The lowering of the bolsons through which these rivers flow, as compared 
with those without streams, seems to be about 50 per cent greater. On 
the whole, these trunk streams appear to transport from the region 
through which they pass about as much rock waste as do the Missouri, 
the Platte, the Arkansas, and other long rivers rising in the Rocky Moun- 
tains. 

There is no doubt but that vast deflation goes on in the valleys of the 
through-flowing rivers. I am inclined to agree with Walther,®* that in 
the walls of the Grand Canyon of the Colorado River deflative effects 
predominate over those of water corrasion. On the other hand, between 
the mouth of the Grand Canyon and the mouth of the river the cross 
profiles of the valley appear to be controlled more by the lateral arroyo 
grades. In the Rio Grande Valley this phenomenon is still more clearly 
displayed. The cross profile of this valley is peculiar as river trenches 
in general go, in that for so wide a valley it is not broadly U-shaped, but 
very broadly V-shaped. The controlling factor of the valley contour is 
the arroyo, which is a uniformly graded line from the mountains to the 
river's channel. In this great valley, often a score of miles and more in 
width to the mountain bases, water might at first thought appear to be 
the sole erosive agent, but wind scour operates with equal facility upon 
any form of surface, and its leveling influences are the same on an in- 
cline as on a horizontal plain. The profile of the valley of the Rio 
Grande at Socorro, for instance, is essentially as represented below 
(figure 2). 

The Rio Grande is probably the most remarkably terraced river in the 
world. Bordering the stream is an extensive succession of high-level 
mesas that constitute the most striking feature of the great valley’s sur- 
face relief. These escarpmented plains, or mesas, inclining strongly 
toward the river, are abruptly cut off as they near the banks of the stream. 
These so-called aggraded terraces I have recently shown*® to be directly 


* Verhandl. d. Gesellschaft f. Erdkunde zu Berlin, XIX Bd., 1892, p. 52. 
*American Journal of Science (4), vol. xxiv, 1907, p. 467. 
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Figure 2.—Profile of Rio Grande Valley at Socorro 
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controlled by the gradients of the lateral ar- 
royos and their varying heights to be due to 
the changes from time to time in the position 
of the river’s channel. In the course of its 
wide meandering the river cuts rapidly into its 
banks on the convex side of its broad swings. 
In a distance of 2 or 3 miles of lateral change 
of channel a cliff 100 to 200 feet in height may 
be formed. Arroyos entering the stream from 
the bowed side quickly shorten their paths, as- 
sume new and higher gradients, and scoop out 
canyons in the old detritus accumulations. 
Thus between the adjacent arroyo courses there 
is left a “high-level” terrace, or mesa, bordering 
the main waterway. On the opposite side of the 
bow the arroyos lengthen their beds, lower their 
gradients, and build out new extensions of their 
fan plains to the water’s edge. The phenom- 
enon is best indicated by diagram of an actual 
cross-section of the grand valley (figure 3). 
The phenomena described are repeated again 
and again along the whole course of the river. 
As a final result there are found sloping terraces 
at many different levels. The effects are appar- 
ently as unique as they are striking. The typi- 
cal characters of the high-level plains along the 
Rio Grande are well displayed at many points 
(figure 4). At San Felipe another interesting 
factor comes into play. At different times dur- 
ing the latest geologic epoch great basalt flows 
have moved down the inclined plains toward the 
river. These have preserved the surfaces of 
the old mesas at several different levels. In 
some instances the stream has quite recently 
cut through the lava cap. The best description 
of the high-level terraces is given by Herrick.” 
Although they were thought by this observer to 
be striking enough to deserve the distinguishing 
title of clino-plains, he did not hint at their 
real origin. 


7 American Geologist, vol. xxxili, 1904, p. 376. 
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WORK OF WATER IN ARID REGIONS 579 


All parts of the valleys of the through-flowing rivers traversing the 
desert region are deep. That they are not all narrow chasms instead of 
open valleys is due to the character of the substructure. With the single 
exception of the Grand Canyon, the valleys are all excavated in relatively 
soft rocks. These are mainly Carboniferous and Triassic shales, friable 
Cretaceous sandstones, and Tertiary marls, aggregating a very great 
thickness. Nowhere outside of the Grand Canyon region have any of the 
streams mentioned yet excavated down to the thick Paleozoic limestones 
and pre-Cambrian crystallines. 
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Fiaure 3.—High-level Plains of the Rio Grande 


The influence of the hard rocks upon canyon formation is, however, 
suggested at a number of points other than on the Colorado. At one 
point, where the Rio Grande crosses from one bolson to another, the hard 
mountain rock between two ranges is touched. The narrows thus formed 
made the spot notable, for it was called by the early Spanish explorers of 
the region E] Paso del Norte, or the North Pass. So, too, the Canadian 
River, where, in northeastern New Mexico, it has cut through the great 
so-called Dakota sandstone lying between thick shale beds, is bounded by 


Figure 4.—Relationship of Rio Grande Valley Terraces 


the magnificent Carrazon escarpment, 2,000 feet high, which forms the 
side of the valley for many miles. 

The Grand Canyon region is the only place in all of the vast desert 
country where there has been extensive bowing up and removal of the 
overlying soft strata (10,000 feet in thickness). It is the only place 
where any one of the great streams has had opportunity to attack the 
crystalline basement. Were the Rio Grande or the Rio Pecos excavated 
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from the level of the plains on either side in the basal complex instead 
of in soft clastics, their entire courses in New Mexico would probably 
now rival the inner gorge of the Colorado. Their valleys, in place of 
being 20 to 30 miles broad and widely open in character, would in all 
likelihood be not more than a mile or two in width and would be upwards 
of 2,000 feet deep. 

The controlling gradient of the valley sides of the through-flowing 
streams is thus determined by the arroyo grade. The general leveling 
and lowering of the country takes place mainly through means of wind 
scour. The through-flowing rivers carry off the rock waste fully as rap- 
idly as do the large streams of humid climates. In addition there are 
large volumes of rock waste and soil transported and exported by the 
winds. 


DEFLATION OF ARID LANDS 


GENERAL CONSIDERATIONS 


Although some importance has been long attached to wind as a geologic 
process, it is not one which the text-books on geology are accustomed to 
place in the front rank of earth modifying agencies. Moreover, the de- 
F tailed etfects of eolian activities have been chiefly considered mainly only 
in countries of moist climates, where water is the principal erosive force. 
Under such circumstances not only are the effects of wind work greatly 
g obscured, but the real efficiency of wind as an erosive power is naturally 
minimized. With theoretical conditions of this kind imposed, the general 
réle of the eolian influences as active and effective geologic agents has 
: come to be regarded as quite secondary. 
To be appreciated to its fullest extent the geologic work of the wind 
must be critically examined in regions where. water action is not the most 
powerful of the erosive influences. The deserts furnish such favorable 
climatic conditions. In the arid regions, where rainfall is notably defi- 
7 cient, the extent and nature of constant wind scour, or eolic erosion, may 
i be studied under conditions comparable to the study of hydric erosion in 
re a normally wet climate. This basic feature has been in the past largely 
overlooked. As a result the main erosive power in the desert has been 
regarded as water. When water was found not to be adequate to produce 
the orographic phenomena, resort has been made to tectonics. 

The several phases of wind work may be especially distinguished in the 
same way as are those of water action. The general process may be 
designated as eolation, a term first defined by McGee, corresponding to 
the water equivalent of erosion. Its subordinate activities are insolation, 
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deflation, and aeroposition, the equivalents of rock decomposition, trans- 
portation, and deposition. 


DESTRUCTIVE VERSUS CONSTRUCTIVE EOLATION 


Singularly enough -the work of the wind generally has been treated 
from the side of its constructive rather than of its destructive effects. 
Drifting sands of the seashore and kindred phenomena have been 
commonly cited in illustration. So preponderant have been the building 
up effects supposed to be over the denuding effects that the latter have 
almost invariably received scant notice. Russell,?* along with others, 
has even gone so far as to explain the vast intermont plains of the 
Great Basin region as formed by wind-blown soils accumulating to the 
great thicknesses of 2,000 to 3,000 feet and more, burying the mountains 
up to their shoulders. This, however, is an extreme view of eolian depo- 
sition, and in the light of more recent observation must be greatly 
modified. 

That the wind in the réle of a general denuding power is comparable, 
under favorable climatic conditions, to ordinary water action in a humid 
climate has never received special attention. Until quite lately this 
phase of wind work has been passed by without exciting extended com- 
ment. Several writers have, however, recently incidentally alluded to it. 
Petrie,** for instance, estimates that along the Isthmus of Suez the coun- 
try has been cut down by the wind at the rate of about 4 inches in a cen- 
tury. A more vigorous rate of wind excavation is described by Dwight,*° 
in the Cape Cod district of Massachusetts, where in a short time sands 
were blown away to depths of 10 feet and more. It remained for Pas- 
sarge*? to emphasize the great denuding powers of the wind and its action 
as an important agent of general desert-leveling. Walther,**? Penck,** 
and others have recognized far-reaching possibilities of wind scour, par- 
ticularly in dry regions. 


PLAINS-FORMING TENDENCY OF WIND ACTION 


The most manifest effect of wind erosion in an arid land is the forma- 
tion of plains in a manner and on a scale that finds no parallel among 
water-formed plains. As Davis** well observes, the scheme of the arid 


* Geological Magazine, Decade iii, vol. vi, 1889, p. 242. E 

® Proceedings of the Royal Geographical Society, 1889, p. 648. 

®*® Travels in New England and New York, vol. iii, p. 101. 

% Zeitsch. d. deut. geol. Gesellschaft, LVI Bd., Protokol, 1904, p. 193. 
“Das Gesetz der Wiistenbildung, Berlin, 1900. 

% American Journal of Science (4), vol. xix, 1905, p. 165. 

* Journal of Geology, vol. xiii, 1905, p. 395. 
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cycle is in one respect even better supported than that of the normal wet 
cycle, “for while the arid African plains are examples of old desert plains 
now growing still older, it is difficult to point out any large peneplain 
that still stands close to the baselevel with respect to which it was worn 
down.” 

The plains-forming tendencies of arid eolation has in the humid re- 
gions its nearest counterpart in the snow-drifting effects during a winter 
“blizzard.” The high winds drive the hard, dry snow particles over the 
exposed grounds, filling the cuts of the railways and highways, ravines 
and gullies, hollows and low places. On the bleak hills and ridges the 
frozen ground is swept bare, and is often left protruding above the snow- 
field. In the arctic regions, where the snow is in the form of small, thick 
needles, rather than in the shape of flakes, the general leveling phenom- 
ena are even more pronounced. The manifest tendency in both cases is 
to make of an irregular surface an even plain. Were it possible to extend 
the “blizzard” a week or a month, or repeat it at short intervals for a 
longer period, instead of a single day, the general planation effects might 
soon be made more conspicuous, and even the eolian erosion of the hills 
might soon appear appreciable. 

In the desert region there are the same strong winds and the same dry 
particles, only the latter are of soil instead of ice. Both process and ma- 
terial are at hand the year around. Artificial excavations are quickly 
smoothed over. The great systems of wing dams, or V-shaped ditches 
and embankments, which some of the desert railways have had constructed 
along the tracks to protect them against the effects of the cloud-burst 
and the resulting “wash-outs,” are, as I have noted, soon leveled again by 
the driven soils.** 

In exposed places in the desert the railway has also often erected series 
of high board fences as a protection against the drifting soils, after the 
fashion of the northern railways in winter to curb the drifting snows. 
At San Antonio, in the Rio Grande Valley, the loose, mobile sands and 
soils from off the Jornada del Muerto are, for distances of many miles, 
swept into the basin, forming drifts hundreds of feet in thickness, until 
they are finally carried away by the waters of the great stream. At San 
Acacia, 50 miles to the northward in the same valley, similar prodigious 
sand drifts occur. Many other places might be mentioned in the region 
where like phenomena appear. The Libyan and Nubian deserts encroach 
on the valley of the Nile in like manner. Only on a much larger scale, 
such phenomena are not unlike the drifting sands of a seashore. 


* Bulletin of the Geological Society of America, vol. 19, 1908, p. 80. 
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DEFLATION OF ARID LANDS 


DEGRADATIONAL CHARACTER OF DEFLATION 


The denuding tendencies of deflation under conditions of aridity are of 
such extent that humid regions give small suggestion of their effective- 
ness. When a large arid area has become a plain, deflative action as- 
sumes mainly degradational proclivities. The plains have very gener- 
ally rock floors, often but thinly veneered by debris and soils. In lately 
calling special attention to the extensive rock floor of the Jornada del 
Muerto, in New Mexico,** I noted also similar conditions existing in other 
bolsons of the Mexican tableland. McGee*’ expresses his surprise at find- 
ing on the great intermont plains of Sonora, Mexico, at distances of sev- 
eral miles from the mountains and without intervening foothills, that the 
horses’ shoes beat on planed granite and schist or other hard rocks, in- 
stead of yielding sands. Throughout all of the American arid regions** 
the phenomenon is shown to be widespread. Passarge*® especially de- 
scribes similar clean swept plains in South Africa. 

Playas and salinas also now appear to be chiefly areas of degradation 
rather than of aggradation, as was formerly generally believed. ‘The man- 
ner in which playa deposits are transported I have fully explained in an- 
other place.*° 

It is the differential effects of eolative action that are most remarkable. 
To some of these effects attention has been already called.** Wind scour 
on the desert surface naturally wears away the areas of soft rocks much 
more rapidly than it does the hard rocks, in the same way as in the case 
of running water. After the more resistant rock-masses have been 
brought out in strong bas-relief eolian erosion continues to act most vigor- 
ous at the plains level, and eats back into the highlands at this horizon in 
the same way as does the sea on an exposed coast. The rugged seashore 
and its broad marine shelf has its exact counterpart in the desert in the 
mountain piles rising sharply, isle-like, out of a boundless sea of earth. 
It is the sharp meeting of mountain and plain without the usual transi- 
tionary foothills that has frequently led to the mistake of ascribing nor- 
mal eolation features to faulting on a gigantic scale. 


EXTRALIMITAL EFFECTS OF DEFLATION 


General desert-leveling, chiefly through eolation, is doubtless much 
more extensive than has been commonly supposed. In the presence of 


* American Journal of Science (4), vol. xv, 1903, p. 207. 

* Bulletin of the Geological Society of America, vol. 8, 1897, p. 90. 

% Tbid., vol. 19, 1908, p. 63. 

® Zeitsch. d. deut. geol. Gesellschaft, LVI Bd., Protokol, 1904, p. 193. 
“ Bulletin of the Geological Society of America, vol. 19, 1908, p. 83, 
“ Ante, p. 581 et seq. 
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water action, and especially with water as the most familiar of the erosive 
agencies, the effects of eolation are apt to be largely overlooked. Eolation 
is probably an important erosive process far beyond the limits of the arid 
region, its influence rapidly diminishing as the annual amount of rain- 
fall increases. For instance, the eastern boundary of the American arid 
region may be taken as the western line of Texas and Kansas, but eolative 
influences are appreciable and important so far east as the Missouri River, 
and even beyond. 

Some observations on wind erosion have already been recorded from 
the Great Plains region. Winchell graphically describes the powerful 
effects of wind scour in the Dakotas. The possible eolian origin of the 
great loess deposits along the Missouri River has been recently advanced 
by me.* 

The region between the arid belt and the Missouri River, known as the 
Great Plains, was not so very long ago believed to owe its smoothness 
chiefly to the fact that it was once occupied by Tertiary lakes. Later 
it was thought that the plains expression was largely the result of fluvia- 
tile deposition. It now appears more probable that these plains were 
fashioned mainly by eolation. 


EXTENT AND VOLUME OF EOLIAN TRANSPORTATION 


I do not know that any serious attempts have been yet made to measure 
the transportative powers of the winds in desert regions. As I have noted 
recently,** the effects of “dust-storms” or “sand-storms” in the arid dis- 
tricts in producing personal discomforture are so marked that they have 
commonly blinded all, even the trained scientist, to their real geologic 
significance. The tremendous power of the sand-storm on the Sahara 
and Arabian deserts have been known from earliest historic times; but it 
has been regarded as merely a freak of idle, shifting sands, rather than of 
a forceful and persistent geologic agent. Some of the geologic effects of 
the wind have been discussed recently by Walther,** whose observations 
were made chiefly on the northern African deserts. Similar wind effects 
on the bare sand bars of the Missouri River reproduce on a small scale 
and under humid climate the conditions of great desert regions. 

The “sand-storm” of the desert is really a thing to be feared by the 
traveler. To be fully appreciated it has to be experienced. On the inter- 
mont plains of southwestern United States “dust-storms” are of frequent 
occurrence and they last several days. The volumes of soil flowing along 


“ American Journal of Science (4), vol. vi, 1898, p. 299. 
* Bulletin of the Geological Society of America, vol. 19, 1908, p. 81. 
“ Abhand. K6niglichen Sich. Gesellschaft d. Wissensch., XVI Bd., 1891, pp. 345-570. 
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the surface of the ground during one of these storms must be enormous. Py 
Compared with the amount of sediments carried along by the Mississippi 
River in time of flood, it is estimated that in the lower 20 feet of the de- ‘ 
flative stream there are equal amounts of rock waste moving in like 
cross-sections of the great river and of the air current of the desert. The 
air stream moves 40 miles an hour instead of 4, as in the case of the 
water stream, and in place of being only a mile wide, the path of the 
sand-storm is several hundreds of miles wide. The lower 6 inches of the eo 
air stream is almost wholly moving sand and fine gravel. The finer dust 4 
soars upwards thousands of feet, darkening the sun as by a heavy thunder- 
cloud. Little wonder is it that the harder rock surfaces of the desert are 
constantly swept clean. 

After a sand-storm in the desert the changes affected excite no more 
attention than those after a rain storm in the moist land. 


IMPORTANCE OF DEFLATIVE PROCESS ’ 


The recent observations made in the arid regions of the West point 
strongly to the wind as the chief erosive agent, water action having dis- 
tinctly only a minor réle in the sculpturing of the country. According 
to the conclusions thus reached, the wind must be regarded in a dry cli- a 
mate as being fully as effective in general erosion and leveling as is water " 
in a wet climate. In the arid region wind is not only the most potent of 
the gradational agencies, but its efficiency as an erosive force is probably 
greater than all other geologic processes combined. Its main activities 
are strongly degradational in character; its constructional effects are ' 
local, relatively unimportant, and mainly extralimital. e} 

In its broader effects of reducing a region to a lower plains level, wind iy 
scour is not so very unlike stream action. The less resistant rocks are 
removed faster than the more indurated ones, dividing the country into s 
belts of highland and belts of lowland. The latter become plains very 
early in the cycle of general lowering of the land surface; the former re- 


solve themselves into mountain ranges, finally attaining a stage of rem- ae, 
nantal eminences comparable to monadnocks. The main difference be- «4 
tween general leveling in a moist climate and in a dry one is that in the ae 


one the greater part of each geographic cycle is spent in attaining a 
plains surface which is baselevel, while in the other the plains surface is 
the dominant relief feature from the beginning. nf 


CoMPARATIVE EFFECTS OF CORRASION AND DEFLATION va 


The origin of the mountain ranges of the Great Basin and of arid 
America generally has been considered mainly only from the side of pure 
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tectonics. Basin-range structure has thus come to stand for a distinct 
type of orogeny. It is characterized by simple faulting on a gigantic 
scale, accompanied by a tilting of the fault blocks. This idea of the 
desert ranges is, as Professor Davis observes, a very primitive theory of 
mountain making and now finds little support from the studies of the 
principal ranges of the globe. 

In ascribing to erosion an important réle in the shaping of the Basin 
ranges, as some of the more recent writers on the subject have been in- 
clined to do, stream work alone has been mainly discussed. In fact, the 
principles of water corrasion in a normally wet climate have been, without 
material modification, directly applied to the arid lands. By such proce- 
dure we arrive at an erosion scheme under conditions of aridity that are 
essentially the same as that of the moist climate, with this difference 
only, that there is somewhat less water involved. While this conception 
is not an unnatural deduction, when based on experience in moist coun- 
tries, it does not appear to be at all congruous with the idea of actual 
desert conditions. 

Contrary to general opinion, the most effective water action in the 
desert is not during the cooler portions of the year, as might be expected, 
but during mid-summer. July and August are the months denominated 
the “rainy season” by the dwellers of the arid States. Moreover, the 
more pronounced erosional effects of water are confined chiefly to the 
slopes of the loftier mountain ranges. 

The intermont plains, which constitute four-fifths of the desert area, 
are little affected by stream corrasion. Their surfaces are rarely trenched 
by distinct drainageways. Their remarkable smoothness amply attests 
the absence of stream influence. 

In general, in the desert region, where there is annually less than 10 
inches of precipitation, the greater part of which sinks at once into the 
spongy soil as soon as it has fallen, the effects of stream corrasion are 
reduced to a minimum. In the mountains stream action is still an ero- 
sive factor to be reckoned with; on the plains, most of which have high 
gradients, it is an entirely negligible quantity. 

Since in proportion as the annual precipitation diminishes the po- 
tency of the wind as an erosive agent increases, a point is finally reached, 
as has already been shown, under conditions of aridity, when it becomes 
the chief denuding influence. The full force of this observation appears 
to be in large measure overlooked in most considerations of the origin of 
the desert features. Mainly to eolian action must, therefore, be ascribed 
the boldness in outline of the desert ranges, the bareness of the rock floors 
of the intermont plains, the sharpness of meeting of mountain and plain, 
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the complete isolation of the different mountain ranges, and the forma- 
tion of the remarkable plateau plains which are so characteristic of the 
dry country. 

Recent descriptions of desert regions by Bronhardt, Passarge, Penck, 
Walther, and others emphasize the wind as a potent erosive agent. Ac- 
cordingly may not the great arid tracts of southwestern United States 
and northern Mexico be advantageously regarded as mainly sculptured by 
eolian action, and general desert leveling and lowering of the country 
viewed is carried on largely by the wind. Out of the broadly uplifted 
region, which had been previously profoundly faulted and folded and 
then planed off to the condition of a peneplain perhaps, mountain and 
plain appear to have been developed through differential eolian effects 
upon belts of alternating hard and weak rocks. Between the original 
plains level and the present general plains surface more than 5,000 feet 
of rock have been removed, leaving the more resistant mountain rock 
raised above the plains as rocky isles stand out of the sea. 

With most of the broad intermont plains of the desert being areas of 
rapid degradation instead of aggradation, as shown in their remarkable 
rock floors, with normal water action confined to the loftier mountains, 
and with the plains little influenced by stream corrasion, general desert 
leveling and lowering must find for their chief sculpturing agents some- 
thing other than stream action. All things considered, wind scour seems 
to be the principal erosive process in dry lands, water action very second- 
ary. Their relative efficiencies may be roughly measured by the fact that 
the total volume of rock waste brought down by the storm waters from 
a desert range in a year may be removed by the wind in a single day. 
What general erosion by means of water is in a wet climate, eolation is 
under conditions of aridity. 


INITIAL PHYSIOGRAPHIC CONDITIONS OF THE ARID COUNTRY 
GOVERNING FACTORS OF AN ARID CYCLE 


The statement is made by Davis** that “no special conditions need be 
postulated as to the initiation of an arid cycle. The passive earth’s crust 
may be (relatively) uplifted and offered to the sculpturing agencies with 
any structure, any form, any altitude, in dry as well as in moist regions.” 
While as a general proposition this broad assertion might be in itself 
literally true, it needs strong qualification before it can be made accept- 
able in its entirety. The necessary consequences in the development of 
the arid cycle in a region like western America could hardly be as the 


“ Journal of Geology, vol. xiii, 1905, p. 382. 
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author mentioned has outlined. The scheme is particularly adaptable to 
climatic conditions characterizing a normally moist country ; but the pecu- 
liarities of a dry climate are such as to indicate clearly that under the 
latter conditions it is not, if we are to argue for a distinctly staged arid 
eycle comparable to the more familiar normal cycle. Whether we have 
or have not such a cycle is dependent on the valuations given the several 
factors. Moreover, under conditions of aridity the dominant erosive 
agency must be of a kind radically different from what it is in the wet 
climate, as has been already urged. 

In an arid climate, according to the author just quoted, it is assumed 
that the typical initial condition of the earth’s surface is that of a more 
or less rugged and mountainous country, very much, I should judge, as 
we see today in the Cordilleran region.** In other words, the American 
desert country is regarded practically as having passed into its arid state 
very recently. In the normally moist climate, in which there is a succes- 
sion of completed cycles, the most typical initial condition of the surface 
relief is that of a peneplain. However, instead of postulating similar 
topographic types for the beginnings of the normal and the special cycles, 
the latter is regarded as starting out under conditions of the most an- 
tithetical sort. This leads at once into difficulties many of which are 
unsurmountable. The selection of an antithetical tvpe of relief instead 
of a normal type for the initiation of the arid cycle appears to be due 
largely to deductions resting upon conditions thought to obtain in the 
desert regions of western United States and central Asia. So far as 
America is concerned, there seems to be as yet very little specific exempli- 
fication brought out in support of the contention. In reality, what 
actually has been postulated in the Davis scheme of an arid cycle is a 
highly specialized initial condition in place of generalized, typical, or 
“no special” conditions. 

Under conditions of climatic aridity the initial relief may be, for sim- 
plicity’s sake, regarded as belonging to either one of two extreme types. 
One is a mountainous type of topography and the other the general plains 
type, as in the normal cycle—the peneplain, if you please. Only the 
first mentioned type could serve as the foundation for the distinctly 
marked scheme of an arid cycle, such as that recently developed by 
Davis ;** the second would result in a scheme of general desert-leveling, 
with no distinct stages dependent on water action, as in reality is urged 
by Passarge.** As will be noted later on, illustration of the first named 


“Ibid., p. 380. 
47 Journal of Geology, vol. xiii, 1905, p. 385. 
* Zeitsch. d. deut. geol. Gesellschaft, LVI Bd., Protokol, 1904, p. 193. 
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scheme, corresponding in its several phases to those of the normal cycle, 
must be very rare indeed. The prevailing mode of desert leveling and 
lowering of an arid country must be after the fashion described for the 
South African region. The latter would then represent the general 
course of desert-leveling without marked stages rather than only the 
senile stage, as has been argued. 


ARID CYCLE IN A MOUNTAINOUS REGION 


When critically examined in the light of well known arid conditions, 
rather than measured by the standards of a moist climate, the evolution 
of a distinctly staged arid cycle beginning with mountainous relief, as 
outlined by Davis, is found to be merely the normally wet cycle recast 
with somewhat less water. The sequence of events described might extend 
under certain circumstances to an area of semi-arid character where both 
wind and water struggle for erosional supremacy, but it does not seem 
possible that it could obtain in a strictly desert region or a country where 
there is an annual rainfall below 10 inches. Moreover, the scheme men- 
tioned postulates stream action as the chief erosive agency, while wind 
scour is considered only incidentally. The very reverse would seem to 
be true if we are to place any reliance whatever on the accounts of those 
who have dwelt in the desert country for any considerable length of 
time. In a country having the small annual precipitation mentioned, 
nineteen-twentieths of which sinks as soon as it touches it and does not 
appear as stream water at all, it is exceedingly difficult to understand 
how water can have the same or greater erosive efficiency that it does in 
a humid land. 

In the Davis scheme the several stages of arid relief development do - 
not seem to be very sharply demarked. If the periods of infancy, youth, 
and maturity could be distinctly made out in typical desert regions, as 
they are outlined, and paralleled with the wet cycle stages, their time 
span would be so brief and unimportant, compared with the duration of 
the so-called characteristics of old age, that they are altogether neg- 
ligible, even when taking into account the boldest mountain relief. Be- 
ginning with a plains surface, which is not unlikely the initial character 
of most arid regions, such recognizable periods surely would be entirely 
out of question. If it be postulated that the essential characteristics of 
the present desert mountains of western United States, for example, are 
comparatively recent features, and that they were mainly fashioned sub- 
sequent to the introduction of a dry climate, as now seems altogether 
likely, the earlier stages of the arid period must have been very different 
from those depicted. 
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The presence of lofty mountain ranges in true desert regions very nat- 
urally gives rise, at first thought, to the impression that arid climate has 
come upon the region since they were upraised and their present aspects 
molded. Such a region as the Great Basin province, which is sometimes 
cited as a type of arid youthfulness, is a good illustration. That the 
highlands themselves may simulate the physiographic stage mentioned 
has been noted already as possible, since the mountains have their sur- 
faces largely sculptured by normal water action, while the greater part of 
the region is still under strictly desert climate conditions. 

With regional youthfulness premised, a number of incongruous conclu- 
sions necessarily follow. In the first place, the present highlands, as 
mere topographic features, must be regarded as mainly structural up- 
risings due wholly to frequent and profound differential displacement. 
In support of this view, the most recent investigations of a critical nature 
do not furnish as many facts as could be desired. A very large mass of 
the evidence is strongly against the acceptance of this hypothesis, which 
in its essence must be recognized as “practically a phase of one of the 
more primitive theories of mountain building that now finds few advo- 
cates in any part of the world.” In the desert region the evidences 
against its validity are, perhaps, more obvious than anywhere else. A 
critical point that should alone invalidate such a theory is the fact that 
the mountains are composed of hard rocks and the valleys or intermont 
plains occupy areas of weak rocks and are in the main as truly rock- 
floored as the mountains themselves, rather than extensively aggraded 
areas. 

Secondly, if the present expression of the desert ranges be considered, 
as urged by Spurr, as mainly resulting from extended dissection at times 
when the region possessed a moister climate than at present, and was, in 
fact, well watered, and that there was, not so very long ago, abrupt 
changes from humid to a dry climate, it necessitates the postulation of 
water action as the sole, or at best chief, erosive agency. It further 
postulates extensive dissection of the mountains and extensive and uni- 
versal aggradation of the plains, which, as lately pointed out, does not 
appear always to be the case. Moreover, if there were water sufficient to 
accomplish results of this kind, it is, indeed, singular that so few of the 
bolsons have points in the rims low enough to permit the ready flow of 
waters from one basin to another. 

Thirdly, if the lowlands, which in the American arid regions occupy 
four-fifths of the desert areas, be assumed to be tracts of aggradation, it 
is remarkable that the recent observations show conclusively that many, 
if not the majority, of these intermont plains have in large part at least 
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rock floors only thinly veneered by debris and soil—a fact clearly indi- 
cating that they also are as truly areas of degradation as are the mountain 
areas. 

As already stated, the commonly accepted inferences regarding erosion 
in the arid region are based chiefly upon the observations made in the 
loftier mountains, especially the Wasatch, the Sierra Nevada, and the 
southern Rockies. In these ranges the climatic conditions down nearly 
to their very bases are not so much those of typical aridity as they are 
those of a normally wet climate. These ranges may be properly consid- 
ered as elevated belts of the moist land extending into the arid country. 
With the true desert ranges the dissection by water is not so marked. 

On the theory that each intermont plain is an independent basin of 
initial deformation,*® the resulting contripetal drainage system tends to 
make for it a separate baselevel of its own. By aggradation of a higher 
basin and the headwater erosion of intermittent, consequent, or subse- 
quent streams from an adjoining lower basin, coalescence of basins is sup- 
posed to go on until there is finally a more or less perfectly adjusted 
drainage everywhere throughout the region. This is, of course, the neces- 
sary deduction for a normal moist country. In a region of mountainous 
aspect, as has been postulated for the Great Basin changing suddently to 
a desert country, this sequence of events might be expected were it not 
for the fact that very few of the intermont plains, or basins, are actually 
connected directly with one another by means of waterways. Moreover, 
it is very questionable whether in the stage having local centripetal drain- 
age systems, the arroyos—for such all the drainageways really are— 
which are as discontinuous at their lower as at their upper ends, could 
ever accomplish a coalescence of contiguous drainage basins. I know of 
but few instances in all of the vast arid country in whieh such an inter- 
pretation could possibly be entertained. 

As a matter of fact, the intermont basins have probably gone through 
evolutionary stages directly the opposite from those suggested. The en- 
tire region was no doubt more or less perfectly drained at the commence- 
ment of the arid period, and before epeirogenic upraising took place. Since 
that time deflation has separated the larger tracts into the smaller basins 
with no outlets. The Spanish title, “bolsons,” for these basins thus ac- 
quires a technical or rather genetic and physiographic meaning of which 
the early explorers knew nothing. To be sure, the rims of many basins are 
cut by canyons which, at first glance, might appear to be capable of event- 
ually producing a coalescence of neighboring basins. Such outlets seldom, 
if ever, drain an intermont plain as a whole. They usually merely cut off 


“ Journal of Geology, vol. xiii, 1905, p. 382. 
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from the center of a basin any sporadic waters that might come down 
from the inner side of the mountain rim and carry them into a lower and 
outside plain. This is well shown by the Tijeras Canyon, which bisects 
the Sandia range east of Albuquerque and which, while it would be 
expected to drain eventually the great Estancia Plains into the Rio 
Grande Valley, will probably do nothing cf the kind. It merely carries 
off the surface storm waters from the eastern slope of the range. The 
Palomas Canyon, in the Sierra de los Caballos, is a similar illustration. 
The Southern Pacific Railway, in traversing the deserts of southern 
New Mexico, Arizona, and California, gives opportunity to observe dozens 
of like cases. The Santa Fe Railway, in Arizona and California, does 
likewise. Through means of deflation the soft central parts of the in- 
termont plains are more than keeping pace with the lowering of the rims 
of hard mountain rock. 

According to recent observations in the deserts of Nevada, California, 
Arizona, and Mexico, the actual levels above mean tide of contiguous 
intermont plains is perfectly independent of general drainage and largely 
also of recent deformation. This is particularly well shown in the Death 
Valley region.*° It may be that the position of Death Valley itself, now 
500 feet below sealevel, is as much the result of deflation as it is of tec- 
tonics; and the same may be suggested concerning the Imperial Valley, 
the bottom of which is below sealevel and is partly occupied by the Salton 
Sea. 

ARID CYCLE INITIATED IN A PLAINS REGION 


The descriptions of Passarge and of Bornhardt of the South African 
Inselberglandschaft appear to be based on the general desert-leveling 
effects of a surface that originally was a typical plains plateau with small 
contrasts of relief. These authors do not tecognize a distinctly staged 
arid cycle comparable to the divided cycle of the moist region. It is not 
likely that under the conditions existing in that country there ever could 
be worked out a genetic scheme in the same sense as it is understood in a 
wet climate. In the case of the Mexican tableland and of the adjoining 
country of southwestern United States, the possibility of the existence of 
a vast plains surface, a peneplain perhaps, at the beginning of the arid 
period is not to be overlooked. Indeed it is probable, as already noted, 
that this factor must be one of the main conditions to be reckoned with. 

In the initiation of an arid period on an upraised peneplain, the degra- 
dational processes, of whatever nature they may be, would be expected to 
start reducing the country toward ultimate baselevel just the same as 


© Keyes : Bulletin of the Geological Society of America, vol. 19, 1908, p. 69. 
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under conditions of moist climate. Assuming for the moment wind 
scour to be the chief erosive factor, instead of water action, the broader 
relief features need not be so very unlike the general topographic effects 
produced by stream systems. In fancy, the immediate valleys of the 
rivers only need to be filled up. As eolation progresses the belts of hard 
and soft rocks would be perhaps brought into somewhat stronger contrast 
than they commonly are at the corresponding stage of a humid cycle. 
The geologic structure wovld be more sharply accentuated. The rock 
floor would be cleaner swept. The areas of weak rocks would be removed 
faster. At all times the plains aspect would be more strikingly dominant. 

If, after the main epeirogenic movement, local orogenic activity remain 
quiescent, the general plains surface would continue indefinitely to per- 
sist without very marked change in original expression, excepting the 
accentuation of the more resistant rock belts into highlands. This ap- 
pears to be the case of the South African tableland. ‘To mark the stages 
of the arid cycle there would not be necessarily a succession of distinct 
features comparable to those of the normal cycle. Epeirogenic move- 
ment, followed by frequent and widespread orogenic disturbances and 
also by vigorous volcanic activity, would in a measure tend to greatly 
disguise most evidences of the initial aspect of a region. The same 
would be true of an uplifted peneplain the substructure of which before 
planation was more or less complicated, faulted, and folded, as appears 
to be the case in western United States. 

Considered alone, without reference to the neighboring districts, the 
Great Basin presents many difficulties to a clear interpretation of some of 
its most characteristic features. Farther south, in the desert region at 
the northern end of the vast Mexican tableland, there are displayed cer- 
tain phenomena which seem to offer critical testimony relative to the orig- 
inal aspects of the country at the beginning of the present dry cycle. A 
few years ago I incidentally referred®' to the probable significance of cer- 
tain remnantal plains surfaces in New Mexico as indicating an old pene- 
plain upraised. 

The general plains level is not only the dominant relief feature of the 
desert region, but occupies about four-fifths of the entire area of the arid 
country. Above it rise the numerous and often lofty mountain ranges. 
In the Great Basin area—which is perhaps the most familiar portion of 
our desert land—the two most conspicuous topographic features are not 
always so sharply contrasted as they are elsewhere. Moreover, in the 
Great Basin region the salient aspects of the country are quite different 
from the larger relief features of other parts of the western desert land. 


5 American Geologist, vol. xxxiil, 1904, p. 22. 


Ae 


SSES ‘ 
lown 
¥ 
and 4 
sects 
1 be “ 
Rio : 
rries 
The 
ion. 
1ern 
Zens 
loes 
in- 
ims 3 
‘ 
nia, 
ous ' a 
rely 
ath 
10W i 
ec 
ley, 
- 
ton 
‘an 
ing 
all 
red 
1ot 
ld — 
la 
of 
‘id 
h. 
to 
as 
‘ 


594 ©. R. KEYES—RELATIVE EFFICIENCIES OF EROSIONAL PROCESSES 


There is some of the faulting that is, no doubt, more recent and more 
profound than elsewhere. Late orogenic movements are, perhaps, more 
extensive. Evidences of much greater precipitation than now at no dis- 
tant geologic date are manifest. No noteworthy streams traverse the 
district to disguise the effects of typical desert-leveling. There are no 
traces of the probable nature of the surface relief prior to the commence- 
ment of the present dry cycle. The general conditions are such as to 
present little critical evidence in support of any of the several hypotheses 
that have been proposed concerning the genesis of the desert ranges. 

In other portions of the desert region there are, as already noted, many 
features which are suggestive of structures and conditions which formerly 
prevailed, but of which there is small hint to be derived in the Great 
Basin. The most noteworthy of these characteristics are the mesas, or 
plateau plains, many of which now stand high above the present level of 
the intermont plains or general plains surface of the region. As I have 
shown recently,®? these mesas manifestly represent former positions of 


Rea Beds 
Scale: Horizontal « see mi; Verticols 2 


Ficure 5.—Geologic Cross-section of the Mesa de Maya, New Merico 


the general plains surface. Their greater resistance to erosional influ- 
ences and the general lowering of the country is due mainly to the pro- 
tection afforded by extensive lava flows, or to hard strata, which are now 
the capping rocks of the remnantal levels. The surfaces on which the 
lava sheets rest are true beveled rock floors, just as in the cases of the 
present plains surface. 

The most noteworthy of these elevated plains is the Mesa de Maya, in 
northeastern New Mexico. Its extension is the flat-topped Raton range. 
The greater part of this mesa is formed by a basalt plate 500 feet in 
thickness, resting on the beveled edges of soft Laramie shales and sand- 
stones. The surface of this mesa is gently inclined to the eastward and 
extends from the Rocky Mountains, a distance of more than 100 miles, to 
beyond the Texas line. (See figure 5.) It is 3,500 feet above the next 
extensive plains level below, known as the Ocete Mesa, which in turn is 
500 feet above the general plains level of the region, in this part of the 
territory called the Las Vegas plateau. It would appear that the Mesa 


% Bulletin of the Geological Society of America, vol. 19, 1908, p. 75. 
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de Maya practically represents a Tertiary peneplain which existed at the 
time of the general elevation of the region. At the town of Raton its 
surface is now 9,000 feet above tide. Were it not for the great protecting 
lava field, the remnants of which constitute this plateau plain, there 
would today remain no undoubted traces of the old peneplain in this part 
of the country.** Probably not even a low rounded ridge would remain 
to mark the position of the Raton range. 

That the Mesa de Maya is a remnant of what is essentially a pene- 
planation level which, perhaps, once extended over much, if not most, of 
the present desert region around the southern end of the Rocky cordillera 
is strongly supported by a number of facts: (1) The foundation strata, 
both hard and soft beds, which alternate frequently, are evenly beveled, 
indicating that the country at the time of planation must have been only 
slightly above the level of the sea. (2) The principal orogenic deforma- 
tion and faulting appears to have taken place in early or mid-Tertiary 
times, and prior to the period of the general planing off. (3) The 
numerous mountain ranges of New Mexico, outside of the Rockies, are 
subequal in height, a fact irdicating, when taking into account the period 
of principal deformation and faulting, the general alternation of hard 
and soft belts of rock, and the extent of the subsequer* denudation, that 
the present cycle of erosion must have started with the country already 
more or less a well defined plain. (+4) The present bilateral symmetry 
of the desert ranges on the whole, even in the cases of the so-called block 
mountains, as the Jemez, Sandia, Franklin, Magdalena, and Caballos 
ranges, for example, is suggestive of long continued attack by the ele- 
ments upon hard mountain rock. in every one of the mountain ranges 
just mentioned the major fault-line, if such really exists, is as far from 
the crest of the mountain ridge as is the foot of the back slope. (5) 
Plateau plains that lie far above the present general plains level, but still 
below the Mesa de Maya surface, are beveled rock surfaces, protected, 
usually, by lava flows or hard strata. (6) With all of the present ranges 
of the so-called block type bordered on either side by soft beds of great 
thickness and the very resistant mountain strata in monoclinal attitude 
once extending such relatively long distances beyond the present moun- 
tain crests, it does not seem likely that general lowering of the surface of 
the country could have gone on so eventy without something of a plains 
surface to begin with. (7) The postulation of a general mountainous 
surface at the beginning of the present geographic cycle, as represented 
by the Mesa de Maya planation surface, finds many incongruities which 
need not be dwelt on at this time. 


53 Keyes : Proceedings of the Iowa Academy of Sciences, vol. xv, 1908, p. 221. 
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The evolution of an arid cycle from initial conditions of a plains sur- 
face, analogous to the peneplain of the humid cycle, and without material 
aid from running water, give land forms something as represented in 
outline in the subjoined diagrams (figure 6). Contrasted with the geo- 
graphic features of infancy under conditions of a humid climate, the first 
excavations are, instead of deep V-shaped channelways in the old pene- 
plain, broad, plain-like valleys (figure 6a). The best example, perhaps, 


b 


Ficure 6.—Profile of Arid Physiographic Stages 


in the American arid country is in the Raton Range. There are other 
plateau plains in the region where, on account of vast outpourings of 
lava, deflation has lagged behind the general lowering of the country and 
where the earliest inroads of erosion are now taking place. In this con- 
nection the Chupadera Mesa, in central New Mexico, may be noted 
especially. 

Arid youth I take to be typically expressed in the northern part of the 
Mexican tableland, including central New Mexico and southeastern Ari- 
zona. The general plains surface is now a mile above sealevel, and the 
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desert ranges rise still another mile. The mountain ranges are sharp in 
outline ; the intermont plains broad and usually rock-floored (figure 6D). 

The Great Basin region appears to have reached the stage of arid ma- 
turity. Recent volcanic outpourings have greatly disguised many por- 
tions of this vast area and have occasioned a puzzling medley of relief 
features. The older elevations, represented by such mountains as the 
Charleston, Vegas, Kingston, and many other ranges of Nevada, are now 
relatively low and rounded in outlines (figure 6c). In this region it will 
be important to separate the older general desert lowering features from 
the later aspects imposed by local voleanic and orogenic disturbances 
before the real physiographic expression can be clearly grasped. 

Of desert old age, Davis cites the South African region. In our own 
country, in the vast Colorado plateau, with its greatly subdued surface 
features, we seem to have a good example of arid senility (figure 6d). 
Owing to the low dome-shaped structure, the higher and weaker strata 
have been quite generally stripped off, leaving the more resistant Paleo- 
zoic rocks exposed in great stratum planes, little modified by differential 
erosion. The through-flowing Colorado River introduces the exotic ele- 
ment of vigorous corrasion in this area whereby the broader aspects of 
general desert erosion and the immediate effects of eolation are greatly 
obscured. 


RECAPITULATION 


In the foregoing consideration of the desert region two features in par- 
ticular are emphasized: The dominancy of deflation among the general 
erosive agencies and the probable plains character of the surface of the 
country at the beginning of the present dry cycle. The conclusions 
reached are that: 

1. The corrasive work of water is, in all desert regions, much less effect- 
ive than is commonly supposed, and is of about as much importance as is 
wind action in a humid land. 

2. The sheetflood effects are unimportant as lasting erosional phenom- 
ena and they are largely counteracted by the action of the winds. Their 
main function is merely the filling of wind-formed hollows in the plains 
surface, thus making the latter all the smoother. 

3. Arroyo-running, occurring at infrequent intervals, is the nearest 
approach to normal water action, but its main corrasive influence is con- 
fined to the slopes of the higher mountains, its effects upon the plains 
being very slight. 

4. The few large through-flowing rivers which traverse the arid region 
do not form an integral part of it. They merely cross the dry country 

XLII—BUutt. Grou, Soc. AM., Vou. 21, 1909 
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on their way to the sea, having their origin outside of the area. Probably 
their presence has tended more than any other one factor to prevent a 
proper and early understanding of desert erosion. 

5. In the arid region eolation is the chief gradational power to be 
reckoned with, and its actual potency is probably far greater than water 
erosion under the most favorable conditions. The characteristic aspects 
of the entire desert landscape are to be mainly ascribed to the peculiai- 
ities of deflative sculpturing powers. 

6. Deflative action is chiefly destructive in character; its constructive 
effects, at least within the boundaries of the dry country, are ephemeral 
and relatively unimportant. The clean swept rock floors of many inter- 
mont plains clearly indicate that the latter are areas of constant denuda- 
tion rather than of great aggradation, as has been generally supposed. 

?. The general relief tendency of deflation is preeminently plains- 
forming. From first to last of the geographic cycle in an arid climate 
the plain prominently persists. 

8. In the arid region of western America a thickness of no less than 
5,000 feet of rock has been removed in attaining the present plains level. 
This vast amount of excavation seems to be largely the work of the winds 
alone. The process is going on today as actively as it has at any time in 
the past. It is probable that the general lowering of the desert country 
is much more rapid than that of general stream corrasion toward base- 
level in a humid land. 

9. The American arid country was at the beginning of the present 
geographic cycle essentially a peneplain recently uplifted. This conclu- 
sion is believed to be amply attested by the great remnantal plains which 
are still found standing high above the existing plains surface. Above 
the latter more than 4,000 feet rises, for instance, the unique Mesa de 
Maya. The numerous plateau plains of the dry region appear to have a 
like significance. 

10. The evolution of the present relief expression of the desert country 
is not believed to be from a surface initially of rugged mountainous 
topography and through the sculpturirg agencies of running water, but 
is thought to be from a plains surface through eolation principally. 

11. The origin of the Basin ranges and of the desert ranges generally 
is, therefore, regarded as due in the main to extensive and vigorous differ- 
ential deflation on a region that had been previously flexed and pro- 
foundly faulted and then planed off, bringing narrow belts of resistant 
rocks into juxtaposition with broad belts of weak rocks, the former now 
forming the desert highlands and the latter the desert lowlands, or inter- 
mont plains. 
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RE 1.—Sanp Beacn Cusps oN WesTQUAGE BracH, RHODE ISLAND 
Photograph by Sharples for the U. S. Geological Survey 


Ficure 2.—Cone.estone Beacun Cusps oN WINTHROP BEACH, MASSACHUSETTS 


The cusps are partially eroded. Smaller cusps more closely spaced are forming at water's edge 
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“Selecting any pebbly beach where the stones are prevailingly of small enough size to 
be readily tossed about by the waves, the observer will note that at almost all times, 
but especially after a heavy storm, the slope from the high-water mark downward is 
scalloped in a curious manner. From the level beyond the waves, ridges tapering out- 
wardly extend down the incline, it may be, for a distance of ten to fifteen feet or more, 
and a height of from a few inches to two or three feet. Between these ridges, which 
taper toward their lower and outer parts, there are small, wedge-shaped embayments, 
which at the outer edge of the ridges may be from two or three feet to fifteen or twenty 
feet wide, tapering thence, like the section of a rather pointed cone which is obtuse at 
the apex, to the edge of high water. These scallops may, under favorable conditions, be 
traced in orderly and uniform succession along miles of shore.”—N. S. SHALER, 1895. 


INTRODUCTION 


The purpose of this paper is to review such previous accounts of beach 
cusps as deal with the origin of these forms; to describe in some detai} 


‘Manuscript received by the Secretary of the Society April 8, 1910. 
(599) 
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the characteristic features of the cusps; to examine the theories which 
have been proposed to explain their origin, and to offer a theory which 
differs in some essential particulars from those already advanced. 

Beach cusps are of common occurrence along most shores, but are of 
no great significance to the geologist or geographer. The writer’s apol- 
ogy for what may seem an over-elaborate treatment of an unimportant 
topic is that he found the detailed study of the cusps an interesting 
occupation during vacation hours, and gained from the study some 
points of more than passing interest. 


LITERATURE 


In an unpublished thesis, “The Geology of Nahant,” written by Prof. 
A. C. Lane about 1887, the cusps on Lynn Beach, Massachusetts, are 
briefly described and their origin discussed. Lane concluded that cusps 
are formed by the action of waves parallel to the coast; that they have 
their beginnings in accidental irregularities on the beach; that they be- 
come evenly spaced as the result of some process of adjustment not 
clearly understood, and that the distance between cusps is in some man- 
ner related to the height of the waves and the breadth of the beach. 
This brief unpublished account of cusps was not brought to the writer's 
attention until after the following pages were written. As will appear 
later, his conclusions agree with those reached by Lane in important par- 
ticulars. A short abstract of this thesis was published in 1888. 

Prof. N. 8. Shaler, in his popular treatise, “Sea and Land” (1894), 
gives a clear description of the curious “ridges and furrows” occurring on 
shores, recognizes their temporary character and the ease with which 
they are obliterated by wave action, and expresses the opinion that “the 
origin of these peculiar structures is not easily accounted for” (57). A 
year later Professor Shaler published a somewhat fuller account of beach 
cusps in his paper, “Beaches and Tidal Marshes of the Atlantic Coast,” 
from which the quotation at the beginning of this article is taken. A 
theory of origin was proposed in the following words: 

“It seems to the writer that these scallops were formed about as follows: In 
a time of storm the inner edge of the swash line formed by the body of water 
which sweeps up and down the beach has a very indented front, due to the 
fact that it is shaped by a criss-cross action of many waves. As these tongues 
run up the beach and strike the pebbles, they push them back so as to make a 
slight indentation where each tongue strikes. As the water goes back, it pulls 
out the fine material, but does not withdraw the pebbles. The next stroke of 


the splashing water then finds a small bay, the converging horns of which 
slightly heap up the fluid, making the stroke a little harder in the center of 
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the tongue and excavating the bottom of the bay still further. As the re- 
entrant grows larger and the tide rises higher, the water, as it runs up, forms 
a small wave, which breaks on the shore of the recess and casts the pebbles 
more into the form of a ridge. This action, continuing for some hours before 
the tide turns, serves to shape the embayment. 

“It should be carefully noted that, when the swaying waters rush up into 
the shore scallops, the converging walls of these indentations deepen the cur- 
rent and add to the efficiency of its movements—a process which is essentially 
like that which is brought about when an ordinary wave enters into a recess 
of the cliff, or the tidal undulation is crowded into an indentation such as the 
Bay of Fundy.” 


In his paper, “Sea-beaches and Sand-banks” (1898), Vaughan Cor- 
nish briefly refers to the “succession of ridge and furrow at right angles 
to the sea-front,” and attributes the phenomenon to the erosive action of 
waves which are increasing in size and attempting to reduce the beach 
slope to a gentler gradient (637). 

One year later (1899) Prof. M. S. W. Jefferson published a paper in 
which he described some of the characteristic features of beach cusps and 
offered an explanation of their origin. Jefferson’s studies were “made 
at a single beach (Lynn Beach), though confirmed by some observations 
from Gay Head and Narragansett Bay.” He concluded that the cusps 
were caused by the escape of water from behind a barrier of seaweed 
located near the upper zone of the beach. Occasional waves of more 
than average size overtop the seaweed barrier and leave large quantities 
of water imprisoned behind it. After the retreat of the wave the im- 
prisoned water escapes through occasional breaches in the barrier and 
flows down the beach in streams of considerable strength, which scour 
away the beach material along their courses. The residual masses of 
material thus left between the stream lines are gradually shaped by the 
waves into typical beach cusps. A stony barrier would probably not 
operate in the same manner as a barrier of seaweed, since the water would 
filter through the mass rather than wear channels. “It would seem to 
follow that such stony cusps are to be looked for only on coasts where 
seaweed or some similar material is abundantly thrown up.” 

In 1900 Prof. J. C. Branner published a paper entitled “The Origin 
of Beach Cusps,” based on observations made on the California coast and 
the northeast coast of Brazil. He noted the fact that cusps occur where 
“there are no seaweeds or other ‘drift’ on the beach,” and concluded that 
they are formed “by the interference of two sets of waves of translation 
upon the beach.” The accompanying diagrams, reproduced from Bran- 
ner’s paper, will serve to make his theory clear. In figure 1 “the con- 
centric lines represent two sets of waves advancing on the beach in the 
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direction indicated by the arrows and crossing each other along the 
broken lines. In deep water these are waves of oscillation, but when 
they reach the shallow water on the beach they become waves of transla- 
tion and interfere with each other where they converge upon the shore. 
The tendency is for them to check each other along these lines of inter- 
ference and to heap up the sands at the points marked A, where they 
strike the beach. At the points marked B the waves diverge and throw 
the beach sands and all floating material alternately right and left.” 

“Tn figure 2 the waves are represented as breaking on a straight beach. 
If the water offshore were of a uniform depth and the waves were evenly 
spaced, the cusps in this case would, for obvious reasons, be further and 
further apart from left to right, as shown along the beach DE. The 


Figure 1.—Diagram illustrating the Formation of Beach Cusps 


The concentric lines represent two sets of wave crests. The heavy line is the curve of 
a beach which, with these waves, would yield cusps of uniform size. (After Branner.) 


distance between the cusps is equal to the spaces measured on the beach 
between the radii along which the wave interference approaches the 
shore.” 

In an editorial note in the Journal of Geology for 1901, Professor 
Branner briefly restates his theory of cusp formation, and calls attention 
to the fact that the “giant ripples” and similar beach structures ob- 
served in sedimentary rocks may be fossil beach cusps. 

Among the “author’s abstracts of papers read at the Washington meet- 
ing of the American Association for the Advancement of Science, Section 
E,” published in the Journal of Geology for 1903, is an abstract of a 
paper by Professor Jefferson entitled “Shore Phenomena on Lake 
Huron.” The abstract suggests a modification of the author’s views as 
published four years before; for while in the earlier paper the possibility 
of a stony barrier’s playing the same part in cusp formation as a seaweed 
barrier is considered and rejected as improbable, in the later paper we 
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read that the cusps are “component features of a beuch ridge, . . . 
The ridge . . . has at times been seen and photographed with water 
caught behind and rushing out at breaks in the line, as with the weed 
line at Lynn.” Whether or not the breaking of water through the bar- 
rier is still thought to originate the cusps is not made clear. The cross- 
waves noted by Branner were observed by Jefferson, but at no place did 
he find such waves associated with cusp formation. 

In his paper, “Cuspate Forelands along the Bay of Quinte” (1904), 
Dr. A. W. G. Wilson describes the occurrence of “cusplets” on one of the 
forelands, and ascribes them to the action of a single series of waves 
striking the beach at an oblique angle. Although Doctor Wilson does 
not refer to the previously published accounts, and although the very 


Ficure 2.—Diagram illustrating the Formation of Cusps 


The cusps of different sizes are formed on a straight beach, D. E. If D C were the beach 
line, these waves would produce cusps of uniform size. (After Branner.) 


asymmetrical forms described by him differ in some respects from the 
essentially symmetrical features generally known as beach cusps, there is 
little reason to doubt that the former are modified phases of the latter. 

In 1905 Professor Jefferson published a paper entitled “On the Lake 
Shore,” in which he gives a brief account of beach cusps, and says “they 
never occur except after waves that have played squarely on shore.” Ex- 
amples which must have formed without the aid of a seaweed barrier are 
figured, but their origin is not explained. In referring to one particular 
set, however, Jefferson classes them with the Lynn beach cusps, and says: 
“Some high wave surmounts the ridge, here of sand, there of seaweed, 
and its crest water is ponded behind it to escape by any sags that may 
occur in the line.” 

The writer’s attention was directed first to the cusps in the fall of 1903. 
At the New York meeting of the Association of American Geographers 
in December, 1906, he presented a paper, “The Origin of Beach Cusps,” 
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in which it was pointed out that cusps may be produced, both naturally 
and artificially, by a single series of wavés parallel to the beach, uninflu- 
enced by seaweed or other accumulations. On the basis of further obser- 
vations and experiments, the origin of beach cusps was again discussed 
at a meeting of the geologists of the northeastern United States held in 
New York, April, 1908. An abstract of this communication appeared 
in Science the following October. 

Before considering theories of origin, it is desirable to set forth in 
some detail the characteristic features of the cusps. 


CHARACTERISTICS OF BEacH Cusps 
CONTRIBUTING OBSERVERS 


In order to secure careful observations of cusps under as great a variety 
of conditions as possible an outline of the points concerning which infor- 
mation seemed desirable was prepared and given to a number of friends, 
who offered to record observations. In this way my work has been sup- 
plemented by contributions from the following persons relating to the 
localities mentioned: Prof. W. O. Crosby, Nome Beach, Alaska; Prof. 
A. W. Grabau, beach south of Dyker Heights, Brooklyn, New York; 
Prof. H. W. Shimer, Winthrop Beach, near Boston; Mr. T. I. Read, 
E. M., Virginia Beach, Virginia; Mr. James T. Kemp, beach near 
Huletts Landing, Lake George, New York; Miss M. E. Blodgett (then a 
student in geology at the Massachusetts Institute of Technology), Lynn 
Nantasket, and other beaches in the vicinity of Boston. ‘To all these my 
thanks are rendered. My own observations have principally been made 
on Marblehead Neck, Lynn, Revere, Winthrop, and Nantasket beaches, 
near Boston; Westquage Beach, Rhode Island; the beach south of Dyker 
Heights, Brooklyn; several beaches near Hulett’s Landing, Lake George, 
New York; beaches along various small lakes and ponds, and the arti- 
ficial beaches referred to below. 

Among the points specified on the blank forms prepared as guides to 
the observation of beach cusps were the following: Locality; general 
description of beach; length of cusps; distance between points of cusps; 
size of cusp material ; relative steepness of two sides of cusp; position of 
cusp axis relative to shoreline; slope of beach ; comparison between beach 
material and cusp material; whether or not cusps were being fashioned 
at time of observation; any evidence of long-shore current; height of 
waves ; evidence of more than one set of waves; whether or not waves 
come in parallel to beach ; direction of wind; stage of tide. 
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‘The following description of beach cusps is based largely on my own 
observations, but is corroborated by the accounts furnished by others: 


FORM 


When most perfectly developed, the ideal beach cusp has a shape sug- 
gesting an isosceles triangle, and is so placed that the unequal side (here- 
after called the base) is parallel to, but farthest from, the shoreline. 
The “triangle” may be short and blunt, or may be so greatly elongated 
that the two equal sides extend far down the beach and finally unite to 
form an acute point (hereafter called the apex). These same sides may 


Ficure 3.—Variations in the Form of Beach Cusps 


be relatively straight, but are more often concave, sometimes convex, out- 
ward. The actual variations in form are numerous and wide (figure 3). 
Every gradation can be found from well developed triangular accumula- 
tions of sand or gravel to widely spaced heaps of cobblestones of no defi- 
nite shape. The cusps may constitute the serrate seaward side of a 
prominent beach ridge, or may occur as isolated gravel hillocks separated 
by fairly uniform spaces of smooth sandy beach. They may be sharply 
differentiated from the rest of the beach, or may occur as gentle undula- 
tions of the same material as the beach proper, and so be scarcely dis- 
cernible as independent features. Indeed, the variations in beach cusps 
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are so great that their form is often not as sure a guide to their detection 
as is their systematic recurrence at fairly uniform intervals. One or two 
indefinite heaps of gravel on a beach would escape notice, but a hundred 
such heaps, evenly spaced, attract attention. 

A cusp may rise from an inch or less to several feet above the general 
level of the beach. Many are relatively low and flat, others high and 
steep-sided. Sometimes the highest part is comparatively near the apex; 
at other times the highest part is far back, and from it a long, sloping 
ridge trails forward toward the water. As a rule, the cusps appear to 
point straight out toward the water—that is, the axis of the cusp is at 
right angles to the shoreline—and neither side of a cusp is steeper than 
the other, except where oblique, wind-made waves have eroded one side 
only, a condition observed in a few cases. 


a 


Ficure 4.—Partially eroded older Cusps and respaced later Series 


An interesting variation in form is found where old cusps terminate 
abruptly in little “cliffs” instead of in sharp points. It is plain that 
after the old cusps had been formed they were cliffed by waves under 
changed conditions and their apices cut away. From this eroded mate- 
rial later series of cusps may form, unrelated in position to the original 
series. Figure 4 represents a case of this kind as observed in cobble- 
stone and gravel cusps on a gravel beach at Winthrop. Sometimes the 
cusps are more completely eroded than in the case figured, and remnants 
of three or four distinct sets, of different sizes and spacing, may often be 
observed on a beach at one time. 


MATERIAL 


As in the form of cusps, so in the material of which they are com- 
posed, is there the widest variation. In building them the waves make 
use of everything, from the finest sand to the coarsest cobblestones. 
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There is no necessary relation between the size of the cusp and the size of 
the material of which it is composed. Large cusps built wholly of fine 
sand are reported from Virginia Beach, and still larger ones (20 to 30 
feet from apex to base and 75 to 90 feet between apices) built of similar 
material were observed on the beach south of Dyker Heights. The largest 
examples are more often built of coarse gravel or cobblestones, while 
small ones may be composed of either fine sand or coarse gravel. The 
very smallest cusps (a few inches in length) consist of fine material only, 
since the small waves which build them can not transport coarse gravel 
or cobblestones. Where both coarse and fine materials occur on a beach, 
the cusps are built of the coarse material. Gravel cusps on a sandy 
beach are of common occurrence, but I have not observed sand cusps on a 
gravel beach. 


SIZE 


The smallest cusps which have come under my obesrvation have been 
those artificially produced in the laboratory. These have varied from an 
inch to several inches in length, measured from apex to base. Some 
almost as small are to be found along the shores of sheltered ponds. On 
a sandy beach at the head of a protected bay south of Huletis Landing, 
Lake George, cusps from 8 to 12 inches long were formed by the small 
waves set in motion by a gentle breeze. Those found along the seashore 
may reach a length of 30 feet or more. It should be noted, however, 
that the length measured from apex to base is less significant than the 
distance between cusps, measured from apex to apex; for while it is a 
general rule that the farther apart the cusps the larger is their size, some 
which are closely spaced may be greatly elongated, as pointed out above, 
and this elongation appears to be the result of rather accidental condi- 
tions, and to have no great significance. Measurements across the bases 
might be more significant, but it is often difficult to determine the length 
of base, as when the cusps form part of a beach ridge or constitute widely 
separated heaps of gravel having a vague shoreward boundary. However, 
enough has been said to give some idea of the range in size; and although 
size is in some degree related to spacing, the latter is the really important 
factor, as noted below. 


SPACING 


The very small cusps made in the laboratory are from one to several 
inches apart, measured from apex to apex. On the shores of small ponds, 
bays, etcetera, where only small waves are developed, the spacing varies 
from less than a foot to two feet or more. On sea beaches the cusps built 
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by small waves may be less than 10 feet apart, while those built by large 
storm waves may be 100 feet apart. 

Jefferson emphasizes the lack of regularity in the spacing of cusps, 
whereas others have been impressed by their regular recurrence at fairly 
uniform intervals. Inasmuch as the matter of spacing is of vital impor- 
tance in any discussion of the origin of these forms, we may examine it 
somewhat carefully. Jefferson writes (1899, 238) : “The constant recur- 
rence of bay (intercusp space) and point (apex) as one walks along the 
beach suggests that there is a regularity in the width of intervals. This 
is not so, however, on Lynn Beach, as appears from the diagram, meas- 
ures from point to point along the beach being 21, 20, 18, 16, 22, 17, 6, 7, 
and 22 paces. Fainter cusps farther south toward Nahant show similar 
irregularity. It might be said, however, that on Lynn Beach they are 
commonly about 20 paces wide.” And again (1905, 10): “In a view 


Ficure 5.—Beach Cusps (after Jefferson) showing compound Cusps 


along the beach these unevennesses are foreshortened into the appearance 
of points of sand or gravel known as beach,cusps. They are less even 
than they look.” In still another connection (abstract of paper pre- 
sented before the Geological Society of America at the Boston meeting, 
1909) he says: “Perspective foreshortening gives them a fictitious ap- 
pearance of regularity.” On the other hand, Shaler (164) speaks of 
their “orderly and uniform succession,” and it has seemed to me that the 
degree of regularity in spacing is so great as to be incompatible with cer- 
tain of the proposed theories of origin. 

It is true that measurements of the spaces do not always give exactly 
the same figure; that in the early stages of development a greater degree 
of irregularity prevails than later on, and that even where cusps are very 
perfectly developed, occasional aberrant features obscure the regularity 
of spacing. Nevertheless, a large number of observations of beach cusps 
in all stages of formation and destruction and the production of arti- 
ficial cusps in the laboratory have convinced me that a fairly high degree 
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of regularity in spacing is a most characteristic feature of well developed 
forms and must be carefully considered in any attempt to account for 
their origin. 

An inspection of the figures quoted above from Jefferson, or, better, of 
the diagram (figure 5) to which he refers, shows one of the aberrant 
features which sometimes obscure the regularity of spacing. This con- 
sists of a compound cusp having three apices, between which are included 
the abnormally small spaces of 6 and 7% feet respectively. Unless the 
conditions of wave activity changed, the compound cusp would eventually 
be fashioned into two normal cusps by the destruction of the central apex, 
possibly accompanied by an enlargement of the space thus gained until it 
more nearly corresponded in size to neighboring spaces. Thus the only 
pronounced irregularity in Jefferson’s figures represents a temporary 
failure of the waves to complete the approximate equalization of inter- 
cusp spaces. The following figures illustrate the spacing as measured on 
four different beaches. Successive figures denote the number of paces to 
successive cusps. 


I 
31 - 35 - 35 - 34 - 38 
I 
IV Vv 
28-28-28-27 11-11-11-5 t 
VI vu 
17-17-15-9-17-15 14-19-17-18-13-12-12-15-15 
Ix 
27-27-30 13-13-19 6-7-7-8-6 


I. Sand cusps on beach south of Dyker Heights, Brooklyn. A. W. Grabau and 
D. W. Johnson. 
II and III. Older and later cusps observed at same time on Winthrop Beach. 
D. W. Johnson. 
IV and V. Older and later cusps observed at same time on Pond Beach, Na- } 
hant. M. E. Blodgett. 
VI and VII. Cusps on small beach near Nahant; observed at different times. 
M. E. Blodgett. 
VIII, IX, and X. Three sets of cusps observed on upper, middle, and lower 
parts of Pond Beach, at same time. D. W. Johnson. The number of 
measurements is small, but represents the degree of variation in spacing. 


* Part of compound cusp. + Imperfectly developed. 
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It will be noticed that in series II and III the intervals between the 
older cusps on the upper part of the beach are never less than ten paces, 
except in the case of one triple-pointed compound cusp, while the inter- 
vals between those formed later, farther down the slope of the beach, 
never exceed 10 paces. The intervals in series IV are always more than 
double those in series V on the same beach. In the three series, VIII, IX, 
and X, observed on the same beach at the same time, the smallest interval 
in VIII is larger than the largest in IX, and the smallest interval in IX 
is larger than the largest in X. 

It is evident from the above figures that a certain degree of regularity 
is manifested in the spacing of the cusps. In any given series the spaces 
vary within certain limits, but seldom fall below or rise above those limits 
unless the associated cusps have a noticeably abnormal form. No theory 
of origin is tenable which does not recognize and account for the signifi- 
cant degree of regularity indicated by these figures. 

The length of the intercusp spaces varies with the size of the waves. 
When the waves are about an inch in height the cusps are from 3 to 9 
inches apart; when the waves are from one and a half to two and a half 
feet high they are 30 to 60 feet apart, while large storm waves build 
cusps 100 feet or more apart. These figures are only approximate, and 
are based on rough estimates of the wave height close to the shoreline. 
Sufficient data have not been secured on which to base a reliable deter- 
mination of the precise relation of intercusp space to wave height, but 
within certain limits there is a suggestion that doubling the wave height 
doubles the length of the space. A large number of careful observations 
would probably establish this point. In conducting such an investiga- 
tion the observer must satisfy himself that the waves he sees are actually 
building the cusps, for waves of any size may play about cusps formed by 
other waves of different size, and thus mislead one who compares the 
intercusp spaces with the height of the later waves. Fortunately waves 
of a given size do not long leave unmolested a series of cusps formed by 
waves of an entirely different size, and the patient observer can in time 
determine whether or not the waves then breaking on the beach are to be 
correlated with the cusps at the water’s edge. 

This brings us to the consideration of another significant point in con- 
nection with the spacing of beach cusps, namely, the relative ease with 
which old cusps are remodeled by waves differing in size from those 
which formed them. If closely spaced cusps formed by small waves are 
attacked by larger waves, there ensues a rearrangement by which the 
cusps become larger and farther apart. This rearrangement may be 
gradual, and may be accompanied by the combining of some cusps and 
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the slow obliteration of others; or if the new waves are very large, there 
may be a rapid obliteration of the earlier series of cusps, followed by the 
slow formation of a new series adjusted to the size of the later waves. If 
the widely spaced cusps formed by large waves are attacked by smaller 
waves, so much of the older cusps as can be reached will be eroded and 
the material refashioned into smaller cusps more closely spaced, regard- 
less of the positions of the older ones (figure 4). When large and widely 
spaced cusps are built by high storm waves well up the slope of the beach, 
only their apices are apt to be attacked by the smaller waves of calmer 
weather, and so it happens that we commonly find the largest cusps par- 
tially preserved near the top of the beach, with series of smaller and more 
closely spaced cusps farther down the slope. 

Regarding the building of beach cusps, Jefferson writes (1899, 246) : 
“Tf it be asked how this begins, the answer must be that the beginning 
is as old as the beach. . . . Each set of cusps may modify its suc- 
cessors. A new crest of seaweed flung up today is likely to have its weak 
points in some measure determined by the previous channels. In violent 
storms it is doubtful if this control is significant. Each storm probably 
sets the shape in which the waves must play for a long time.” If we 
accept Jefferson’s theory of cusp formation, the conclusions just quoted 
would seem to be reasonable. But the sensitiveness of beach cusps to 
changes in size of waves leads to quite opposite conclusions. Instead of 
the beginning of cusp formation dating back indefinitely, there appears 
to be a new and quite independent beginning with every marked change 
in the size of waves. One set of cusps seems to have little influence on 
the position of its successors. Along the shores of a little bay just south 
of Huletts Landing, Lake George, cusps built by small waves are com- 
pletely obliterated each day by three or four of the large waves which 
strike the beach after the passing of a steamboat.’ Opposite the cusps, 
but farther up the beach, pegs were driven to mark the position of the 
cusps. After their obliteration they formed again under the influence 
of the small waves, with the same size and spacing as before, but, as 
shown by the pegs, in totally new positions. The law controlling the 
relation of spacing to wave size was operative, but the cusps which were 
there a few moments before did not determine the position of their suc- 
cessors. The same phenomenon may be observed in the production of 
artificial cusps. Furthermore, if a series of parallel trenches be exca- 
vated in the artificial beach at right angles to the shoreline, the inter- 
cusp spaces and the cusps will not correspond with the trenches and in- 
tervening ridges which have been made to guide wave action. In fact, 
waves of a given size insist on forming cusps at appropriate intervals, 
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and while their action may be influenced within certain limits by natural 
or artificial trenches on the beach, they refuse to be controlled by such 
depressions unless these are themselves appropriately spaced. 


RELATION OF CUSPS TO OTHER BEACH FORMS 


A strongly marked ridge of sand, gravel, or cobblestones rising above 
the general surface of the beach, and known as the beach ridge, is a well 
recognized product of wave activity. The bases of the cusps may merge 
with this ridge in such a manner as to leave no doubt that they constitute 
an integral part of it. The ridge may or may not be breached opposite 
the intercusp spaces; but it should be noted that with the progressive 
concentration of the water in the intercusp spaces, which converge shore- 


Shore/ine 


Figure 6.—Normal and inverted Beach Cusps 


ward, the parts of the ridge most likely to be broken through are the 
parts opposite these spaces. It is, therefore, not necessary to regard the 
intercusp spaces as the product of erosion by water which was imprisoned 
back of the ridge and broke through it, either at the lowest places or at 
points of weakness. Conclusive evidence that the ridge may be breached 
from the seaward side is found in the gravel or cobblestone deltas which 
are sometimes built /andward from the gap in a ridge at the head of an 
intercusp space (figure 6). It seems clear that the water concentrated 
between cusps broke through the ridge and carried gravel and cobbles 
into the area back of it. In one case observed at Nahant the landward 
projection of cobblestone accumulations was so systematic as to give a 
series of “inverted cusps” alternating regularly with the beach cusps 
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proper. The breaching of the ridge by water confined between pre- 
viously formed cusps has been repeatedly observed in the laboratory ex- 
periments. 

There are abundant instances of cusps unrelated to any beach ridge. 
Cusps of gravel are often formed at widely separated intervals with 
smooth, sandy beach between; the points of old cusps are nipped off and 
respaced without the development of a ridge. One must conclude that 
cusps may develop as the serrate seaward margin of a beach ridge and 
may determine the places where it will be breached by the waves, but 
that there is no necessary relation between the two. 

The return current of water flowing down the beach after the wave 
has ended its advance, sweeps seaward more or less fine material which is 
fashioned into a deposit analogous to a delta; but since the current which 
transports and finally deposits this material has, despite its very short 
length, an almost indefinite width, the deposit is not shaped like the ordi- 
nary stream delta, but is more in the nature of a narrow subaqueous 
platform merging with the beach near the shoreline and dropping off 
abruptly to deeper water at its seaward margin. When cusps have not 
formed, the margin of this platform is relatively straight; but after 
cusps have, developed, the greatest amount of water returns down the 
slope from the intercusp spaces, building the subaqueous platform seaward 
more rapidly than does the smaller amount of water returning from 
around the apices of the cusps. In this way the margin of the platform 
becomes scalloped, each intercusp space having a scallop or miniature 
delta to correspond with it. It is evident that the scalloping of the 
platform presents no difficulty if the origin of the cusps is understood. 


RELATION OF. BEACH CUSPS T0 OTHER FACTORS OF SHORE ACTIVITY 


In collecting data concerning beach cusps some attention has been 
given to several other factors of shore activity, in view of the possibility 
that they might exert some influence on cusp formation. Several of 
these factors are briefly treated below. 

It was thought at first that the angle of beach-slope might exert an 
important control over the spacing of the cusps, inasmuch as the slope 
affects both the volume and velocity of the water advancing and retreat- 
ing over the zone of wave attack. It soon became apparent, however, 
that if the inclination of the beach does influence the spacing, the effect 
is largely masked by the far more important factor of wave size. I still 
think it probable that the slope of the beach plays a small part in the 
spacing of cusps, but have not sufficient data on this point to demonstrate 
the truth of the theory. 

Grou, Soc. AM., VoL. 21, 1909 
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The direction of the wind seems to have little effect on the formation 
of cusps. They have been observed in process of formation during on- 
shore, offshore, and longshore winds, both gently and fairly strong. 
Under ordinary conditions the only result noticed was a more or less 
marked cliffing on one side of the cusps when the wind produced small 
waves at an angle oblique to the beach. The cusps thus cliffed may 
have been partially developed before the oblique waves began their work. 
If the wind is strong enough and from such a direction as to combine 
with the breakers in producing a very irregular wave attack, the forma- 
tion of cusps is probably interfered with, since numerous observations 
tend to show that a fairly regular advance and retreat of the water is 
essential to their development. 

Beach cusps are formed at all stages of the tide. It is probable that 
the greatly elongated type is produced when the waves remain of approx- 
imately the same size during a falling tide, but the development of this 
type has not been observed throughout the entire process. 

The direction of wave advance has been carefully noted wherever 
cusps were being formed. On the basis of numerous observations on all 
kinds of beaches and of extended experimentation, it may be confidently 
stated that the best conditions for cusp formation exist when a single 
series of waves advances parallel with the beach. It is possible that 
cusps may be produced by waves striking the shore at a markedly oblique 
angle, but no satisfactory evidence that such is the case has been secured. 
On the other hand, the progressive destruction of cusps by oblique waves 
has been repeatedly observed. Such partially destroyed forms are shown 
in the lower left-hand corner of figure 3. I am inclined to think that 
the asymmetrical “cusplets” reported by Wilson (122) were formerly 
symmetrical beach cusps of the ordinary type, which were later cliffed by 
the oblique waves shown in a photograph reproduced in his paper. Inter- 
secting waves of the type hypotheticated by Branner have been seen in a 
number of cases, but no cusps have been observed to develop under the 
action of such waves. 

The periodicity of the waves does not appear to be a significant factor 
in beach cusp formation. Varying the period with artificial waves pro- 
duces no apparent effect on the cusps. 

Jefferson says (1903, 124): “The cusps seem related to a longshore 
current, their precise cause not being evident ;” but he does not indicate 
in what manner the cusps seemed related to the current. In most of our 
observations no evidence of a longshore movement of the water was 
found. In the few cases where a distinct drift or current in one direc- 
tion was apparent there seemed to be no relation between the current 
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and the cusps. Beach cusps are clearly the product of on- and off-shore 
movements of the water. 


ARTIFICIAL BEACH CUSPS 


From the observation of natural beach cusps in process of formation 
the conclusion was reached that cusps could be formed by a single series 
of waves advancing parallel with the shore. In order to test the validity 
of this conclusion the artificial production of cusps was attempted. A 
sand beach was constructed along one side of a tank 5 feet square and the 
water in the tank raised until it rested against the beach slope. To make 
that slope as smooth and gentle as possible, large waves were washed 
over the beach until it appeared to the eye as a perfectly uniform, gentle 
slope of sand. On the opposite side of the tank from the beach was ar- 
ranged the wave-producing apparatus. This consisted at first of a board 
which was tipped up and down by hand; later of two boards hinged to- 
gether, one of which was made stationary on the floor of the tank, while 
the other could be raised and lowered by a long handle connecting with 
its free edge. With this simple apparatus it was possible to propel on 
the beach a series of parallel, straight waves, varying in size and period- 
icity as the experimenter desired. It was found that beach cusps re- 
sembling closely those in nature could be artificially produced (plate 42, 
figure 2). The characteristics of those artificial cusps have been dis- 
cussed above. 


THEORIES OF ORIGIN 


With the characteristics and variations of beach cusps in mind, we 
may examine the theories which have been proposed to account for their 
origin. 

SHALBR’S THEORY 

According to Professor Shaler, “the inner edge of the swash line 
has a very indented front, due to the fact that it is shaped by a criss- 
cross action of many different waves.” The projecting tongues of water 
push back the pebbles, leaving indentations or bays, which are then en- 
larged under the continued wave attack during the rising tide. It should 
be noted, however, that the indentations of the inner edge of the swash 
line on a smooth beach are extremely irregular, and vary in position with 
every wave advance until the development of cusps and intercusp depres- 
sions affords more definite guidance. That a single advance of the irreg- 
ular inner edge of the “swash” could develop bays which would there- 
after control the action of the waves seems doubtful. The inner edge 
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of the swash is thin as well as irregular and variable, and under these 
conditions must be very ineffective in developing intercusp spaces or 
“bays.” Nor does the theory as stated by its author explain the regular- 
ity in spacing of the cusps nor their respacing consequent upon a change 
in size of waves. It would seem that Professor Shaler’s theory does not 
go far enough adequately to explain the observed phenomena. 


CORNISH’S THEORY 


In the account of “ridges and furrows” (cusps and intercusp spaces) 
given by Cornish, it is stated that the water washes depressions at selected 
places because neither the force of the water nor the resistance of the 
beach material to erosion are absolutely uniform. The regular spacing 
of the cusps is not explained, nor does the author appear to have recog- 
nized this character of their distribution. Neither does he recognize the 
fact that gentle waves build cusps. The erosion which produces the 
“furrowing” is related by him to a change from small to large waves 
only. But we have seen that cusps form under the reverse conditions as 
well. It thus appears that Cornish points out certain causes of the un- 
equal erosion of beaches, but does not throw much light upon the origin 
of the cusps. 

JEFFERSON’S THEORY 


The seaweed barrier theory of Jefferson, advanced to account for the 
occurrence of cusps on a beach where there happened to be considerable 
accumulations of seaweed at the time, breaks down under the test of a 
broader application. There are also serious objections to the theory 
aside from the fact that cusps are abundantly developed on beaches free 
from seaweed and other similar material. Even if we admit that a strip 
of seaweed might form an effective dam behind which considerable masses 
of water would be imprisoned, we must regard it as in the highest degree 
improbable that this water would break through the seaweed barrier at a 
large number of rather evenly and often closely spaced intervals. The 
degree of regularity in beach cusp spacing is wholly incompatible with 
the seaweed barrier theory. 

On the other hand, it should be remembered that after the cusps have 
once formed, a seaweed barrier, as well as a barrier of sand or gravel, may 
be breached by the waves where their water is concentrated for the attack 
in the intercusp spaces. Thus an observer might find breaches in the 
barrier corresponding with the intercusp spaces. As shown more fully 
on a preceding page, both theoretical considerations and the field evi- 
dence support the view that the breaching is effected by direct wave 
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attack, and not by the escape of water imprisoned behind the barrier. 
There is good ground for the belief that the breaching of the seaweed 
barrier on the Lynn Beach was the effect instead of the cause of cusp 
formation. 

In Jefferson’s more recent accounts the question of origin is very 
briefly referred to; but from such reference it appears that the author 
considers a barrier of sand or gravel capable of playing the same role in 
cusp formation as a seaweed barrier. It is further implied that other 
cusps must have had a different but unknown origin. The objections 
urged against the seaweed barrier theory apply, in the main, with equal 
force against the sand or gravel barrier theory. It is true that ridges of 
sand and gravel are more frequent on beaches than barriers of seaweed ; 
but the evidence is conclusive that cusps are formed when such ridges are 
absent, and that even when present such ridges are breached from the 
seaward side by direct wave attack, and not from the landward side by 
impounded waters. 

On both natural and artificial beaches more or less distinct ridges are 
sometimes broken through before any distinct cusps have been formed. 
This led me to entertain the hypothesis that direct wave attack on a 
fairly uniform ridge would develop breaches in the ridge at intervals 
proportional to the size of the waves. It seems probable, however, that 
faint undulations in the beach, on the seaward side of the ridge, may 
help to determine the points of breaking, just as the more evident cusps 
and intercusp spaces do in other cases, and that the breached ridges are 
therefore but one phase, and not an essential one, of the process of cusp 
formation, as explained on a later page. 


BRANNER’S THEORY 


Branner’s theory, while very suggestive, seems fo present insuperable 
obstacles, as will be apparent on the inspection of the accompanying 
diagrams (figures 1 and 2). The hypothetical wave lines are evenly 
spaced, and the wave length in both sets is the same. This is a condition 
which probably never obtains in nature, and yet such an improbable con- 
dition is an essential element of the theory. If the two sets of waves 
are given different wave lengths, or if one set of waves has a velocity 
differing from that of the other, or if either set of waves is irregularly 
spaced, then the points of wave interference will not reach the beach at 
the same place twice in succession. If we endeavor to approximate nat- 
ural conditions by introducing any one of the three types of irregularities 
mentioned (and probably all three exist in every case of intersecting 
waves), we must correct the diagrams by making the dotted lines meet 
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the shoreline at every conceivable point. This done, the supposed reason 
for cusp formation disappears. 

It has been shown on preceding pages that the physical conditions 
necessary for cusp formation exist in parallel waves. One might accord- 
ingly surmise that in intersecting waves the necessary equilibrium would 
be destroyed and the formation of cusps rendered more difficult, or even 
impossible. I believe this to be the case. In 1907, while camping near 
Huletts Landing, opportunity was afforded to make numerous observa- 
tions during a period of six weeks, on a portion of the lake shore where 
intersecting waves were usually developed by a sand and gravel bar off- 
shore. At no time were cusps observed on the portion of the beach 
where intersecting waves arrived, although they were frequently found 
on adjacent portions. These observations led to the belief that inter- 
secting waves tend to prevent rather than to cause the formation of beach 
cusps. 

WILSON’S THEORY 


Inasmuch as the “cusplets” described by Wilson appear to be true 
beach cusps of somewhat unusual form, it is proper to consider the 
hypothesis offered to account for their origin. According to this author, 
evenly spaced waves striking a straight shoreline at an oblique angle will 
give evenly spaced points of wave breaking at which cusps will develop. 
Because at any given instant a series of oblique waves will be breaking 
at a number of different points along a beach, the author assumes that 
the points of simultaneous wave-breaking will be nodal points where 
material will tend to accumulate. It would appear that no account is 
taken of the fact that every oblique wave of the series breaks not only 
at the point observed during a given instant, but also at all the other 
points up and down the beach, so long as the wave exists. The point of 
breaking of an oblique wave sweeps along the shore until the end of the 
wave itself is reached. In a series of waves parallel to each other, but 
oblique to the shoreline, each wave in turn breaks continuously from one 
end of the beach to the other. Under these conditions no nodal points 
can develop, and the fact that the waves are a given distance apart, and 
that at any given instant their points of contact with the shore are evenly 
spaced, is immaterial so far as the distribution of force of wave attack is 
concerned. 

In addition to the theoretical objections to Wilson’s theory must be 
added the observed fact that oblique waves appear to be much less favor- 
able to cusp formation than are waves parallel to the shoreline. Oblique 
waves have been observed in the process of cliffing the sides of cusps ex- 
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posed to their attack, and the remains of the cusps then have the asym- 
metrical form described by this author. 


ADDITIONAL THEORIES 


Jn attempting to explain the formation of beach cusps 1 have tested 
and rejected several working hypotheses in addition to those mentioned 
above. For example, there was considered the possibility that the waves 
breaking parallel with the shore had superposed obliquely upon them 
smaller waves, and that the portions of the main waves thus increased in 
height excavated the intercusp spaces. One bit of evidence which ap- 
peared to harmonize with this theory was reported by Mr. Read, who 
noted that on Virginia Beach the incoming waves showed the first tend- 
ency to break at regularly spaced intervals which corresponded with the 
intervals between cusps. ‘I'he hypothesis was rejected because the cause 
was irregular, while the effect was regular, because of an almost com- 
plete lack of direct evidence pointing to a relation between superposed 
waves and cups, and because the experiments seemed to point conclu- 
sively to some other origin. 

Another hypothesis was based on the assumption that an extended 
sheet of water descending an inclined plane may not move with the same 
velocity throughout, but may tend to develop lines of swifter flow, or 
currents, at certain intervals. I was tempted to make this assumption 
because of the fact that water descending a flat-bottomed inclined trough, 
or conduit, does not flow uniformly, but is successively retarded in such 
a manner as to produce a succession of waves. Admirable illustrations 
of this phenomenon have recently been published by Vaughan Cornish 
in a paper on “Progressive Waves in Rivers” (1907). It occurred to me 
that if a broader sheet of fluid were retarded by friction while descending 
an inclined plane, the resistance might be overcome first, or more rapidly, 
at certain points, and that the slightly increased rate of advance at these 
points would disturb the equilibrium in such manner as to create zones 
or currents of accelerated flow wherever these slight initial advantages 
had been gained. If the sheet of water were shallow, there would be a 
tendency for the currents to be smaller and more closely spaced than if 
the sheet of water were of greater depth. This hypothesis was especially 
tempting, inasmuch as granting the basal assumption all the phenomena 
of beach cusps find a ready explanation. Small waves advancing and 
retreating on the beach would give small currents closely spaced, which 
would in turn scour small intercusp spaces leaving closely spaced cusps. 
Any change in the size of waves resulting in a change in the size and 
spacing of the currents would necessitate a respacing of the cusps. The 


r 
a 
ae 
Tue 
the 
10r, 
vill 
op. 
ing 
hat 
ere 
is 
ily 
ler 
of 
he 
ut 
ne 4 
its 
nd 
Ly 
is 
be 
T- 
1e 
X- 
4 


620 D. W. JOHNSON—BEACH CUSPS 


hypothesis does not lack support so far as the phenomena of beach cusps 
are concerned, but it is based on an assumption which does lack support. 
I have questioned a number of engineers and physicists in regard to the 
matter, but could learn nothing favorable to the assumption. 

The hypothesis which best accords with all of the available evidence 
may now be set forth. Concisely stated, it is that selective erosion by the 
swash develops from initial irregular depressions in the beach shallow 
troughs of approximately uniform breadth, whose ultimate size is propor- 
tional to the size of the waves, and determines the relatively uniform 
spacing of the cusps which develop on the intertrough elevations. This 
theory differs essentially from those proposed by Branner and Wilson in 
that neither intersecting nor oblique waves are appealed to and the spac- 
ing of the waves is disregarded; from those proposed by Jefferson and 
Cornish in that the cusps are not regarded as mere erosion remnants of a 
once continuous ridge, while uniformity of spacing depending on wave 
size is considered of vital importance; from the theory proposed by 
Shaler in that no importance is attached to the irregular front of the 
swash, the ability of the thin edge of the swash to develop the intercusp 
bays is not admitted, while the size of the wave is correlated with the 
width of intercusp spaces. Other points of difference will appear in the 
explanation which follows. 

Every beach contains numerous inequalities which tend to prevent a 
uniform flow of water up and down the beach during wave action. 
These inequalities have a variety of causes. Surface run-off after rains 
may develop channels on the beach; the water draining out of the sand 
at the upper part of the beach after high tides or after high waves may 
produce the same result. Pebbles lying on a sandy beach interfere with 
the “swash” of water up and down the beach, and cause some channeling. 
The waves are never even crested, and may be very irregular if oblique 
waves are superposed on them; the irregularity of the “swash line,” men- 
tioned by Shaler, may initiate irregularities on the beach. Remnants of 
old beach cusps, not wholly obliterated, form another source of irregu- 
larity ; and still other sources might be mentioned. 

The continual swashing of the water up and down the beach tends to 
enlarge the irregular depressions over which the water passes. Larger 
channels are better adapted to the movements of the large volumes of 
wave-supplied water. It is inevitable that in the enlarging of some de- 
pressions others will be obliterated, just as in the case of growing drain- 
age basins many small basins disappear as independent features, while 
the few increase in size. Those depressions on the beach which develop 
to larger proportions will be the ones which have some initial accidental 
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advantage, and which increase that advantage as they grow; just as the 
acetdentally favored drainage basins increase in size and advantage at the 
expense of those which began the contest with but a slightly less favor- 
able chance. ‘The tendency of wave action will be to develop from initial 
irregularities a smaller number of broad and shallow depressions on that 
portion of the beach traversed by the swash. The depressions will be 
broad, because they are thus better adapted to the movements of large 
volumes of water, and shallow, because the elevations between the de- 
pressions are also buried under the advancing and retreating waters and 
are kept worn down to a moderate height. Only near the upper zone of 
wave action, where the water invades the depressions but does not rise 
high enough to override the intervening elevations, are the depressions 
continually scoured deeper and the unworn elevations left as pronounced 
ridges. Out toward the seaward margin of the submarine terrace, depo- 
sition rather than erosion prevails, and the delta scallops may rise higher 
than the seaward extension of the elevations which exist farther up the 
beach. 

There is a limit to the width to which the depressions, or shallow 
“channels,” if we may so call them, can develop. Inasmuch as the en- 
largement of some necessitates the obliteration of others, enlargement 
will continue only so long as the impulse toward growth imposed on the 
more favored channels is sufficient to overcome the tendency of their 
neighbors to enlarge. Equilibrium will be established when adjacent 
channels are of approximately the same size, and at the same time of a 
size appropriate to the volumes of water traversing them. If the waves 
are low and the volumes of water consequently small, equilibrium will 
be reached while the channels are yet small. But if the waves are high 
and the volumes of water large, a perfect adjustment will not be reached 
until the channels have attained considerable size: 

The remainder of the process is easily understood. With the water 
advancing repeatedly up a beach which is faintly but systematically 
channeled, as above indicated, there will be a constant tendency to push 
gravel and other debris farther up the slope in the depressed areas than 
in the intervening areas. Near the upper limit of wave action the de- 
pressed areas alone are invaded by water and are scoured deeper as the 
gravels are pushed back and the finer material dragged down to form the 
delta scallops. The intervening areas are fashioned into beach cusps, 
whose sharpened points divide the waters of the advancing waves and 
concentrate the attack toward the heads of the depressions. The coarse 
material is constantly pushed into the cusp areas, the channels swept 
relatively clean. With a rising tide, both channels and cusps are pushed 
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progressively up the beach; with a falling tide, some of the gravels may 
be dragged downward to give much elongated cusps. 

There are a number of considerations which appear to support the 
foregoing theory of beach cusp formation. ‘The theory accounts for the 
degree of regularity observed in the spacing of beach cusps, since the 
spacing is dependent on the development of channels which do not reach 
equilibrium until of approximately uniform size. At the same time the 
considerable degree of irregularity in spacing occasionally observed is not 
incompatible with the theory, since the degree of regularity in spacing 
depends on the progress which has been made toward the establishment 
of perfect equilibrium. The occurrence of imperfect and compound 
cusps is readily explained as the product of wave action in channels not 
yet eroded to the standard size, as when two unusually small channels 
have not yet been fashioned into a single large one, and consequently 
give a compound cusp near their upper limits. We should expect, on the 
basis of this interpretation, that irregular and compound cusps should be 
most characteristic of the early stages of development, and the experi- 
ments with artificial cusps prove most conclusively that this is the case. 
One of the commonest occurrences in the experiments is the gradual 
moulding of irregular and compound cusps into simple cusps regularly 
spaced. 

The respacing of cusps with a change in size of waves may be thus ex- 
plained: A given set is formed and driven up the beach, and then left by 
the falling tide. The size of waves changes, and new channels appro- 
priate to them are formed. New cusps result, and as the tide rises these 
are in turn pushed up the beach. If the new cusps do not coincide in 
position with the older ones, when the latter are reached their ends will 
be eroded by the waters converging on them from between the new ones. 
Repetitions of this process, with waves of decreasing size, will give several 
sets of partially preserved cusps, each set more closely spaced than the set 
above it. On the other hand, if a big storm drives in unusually high 
waves, big channels will be formed, older sets of cusps will be quickly 
swept out of existence, and a single set of large, widely spaced cusps will 
be developed. 

In the laboratory experiments difficulty was often experienced in get- 
ting the cusps started. The artificial beach was very smooth, of fairly 
uniform sand grains. It appeared that the difficulty was due to the regu- 
larity of the beach, on account of which the initiation of channels was 
delayed. In order to facilitate the process a series of closely spaced 
creases down the beach was made, after which the cusps began to form 
more rapidly. As already shown, the artificial creases did not control 
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the number or position of the cusps and their intervening spaces, but the 
importance of initial depressions in the cusp-making process seemed 
clearly indicated. 

On Westquage Beach, Rhode Island, the writer has watched a series 
of parallel “creases,” or rill lines, without any associated cusps, develop 
into channels or intercusp spaces with fairly good associated sand cusps. 
Such observations are relatively rare, however, probably because the 
initial irregularities are often indistinct undulations in the beach surface 
or are soon transformed into such undulations, and because the succes- 
sive changes in the form of broad, shallow channels on a gravel or sand 
and gravel beach are difficult to trace. The “ribbed” structure occasion- 
ally reported by observers looking for cusps probably represents an early 
stage of cusp formation. 

The tendency of intersecting or crisscross waves would be continually 
to shift the sands first in one direction and then in another obliquely 
over the beach, and thus to prevent the formation of systematic channels. 
This would account for the observed failure of such waves to form beach 
cusps, although they might attack cusps previously formed, or leave a 
beach with irregularities which might affect the formation of later cusps. 

In a similar way, to a less extent, a single series of oblique waves 
would not seem favorable to cusp formation, because of the lateral ele- 
ment in the movement of the water, which would continually tend to 
wash the interchannel elevations into the channels, and so to fill them up. 

It is not necessary to review all the details of beach cusp character- 
istics in connection with the theory set forth above. It is sufficient to 
state that the writer has found no feature of beach cusps which is in- 
compatible with the theory, while the conditions of wave action hypotheti- 
cated appear to rest on a reasonable basis. 
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THests STATED 


From the physical characteristics and composition of sand grains is it 


possible to decipher their origin and geological history? This is the “ey 
question which the writer set himself the task of answering while endeav- . 


oring, conjointly with Prof. A. W. Grabau, to determine the origin of a “J 
certain Silurian sandrock—the Sylvania, known in outcrop and borings 
about the western end of Lake Erie. It may be answered that typical 
assemblages of the various varieties of sand grains do reveal their own 
geological history, and that confirmation of this history may be obtained - 
often from a detailed study of the beds in which these grains occur. 
Concerning the origin of the material from which the grains were carved * 
one may speak less confidently, but with all the obtainable data at hand , 
it seems possible that here, too, a definite answer may be found for each 
particular deposit. In his presidential address before the Geological 


1 Published by permission of the State Geologist of Michigan, Prof. R. C. Allen. 
Manuscript received by the Secretary of the Society February 9, 1910. 
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Society of London, in 1880, Sorby called attention to the necessity of 
distinguishing between the age of the grains themselves and the age of 
the deposit in which they may be found.? It should be added, further, 
that we must distinguish between the geological history of these grains 
and that of the deposit in which they have last found lodgment. It is 
conceivable that sand grains may pass through one or several cycles of 
developmental history, from the mechanically crushed glacial sand to the 
highly finished olian product; from the sharp, angular, freshly appear- 
ing granule to the ellipsoidal, or spherical, frosted and pitted type of 
granule. The condition and nature of the grains themselves may not 
accord with that of the deposit in which they occur, wolian sands being 
blown to sea or shore deposits seized by the winds and made into dunes. 
In this paper there is no attempt to review the literature relating to sand 
and its production, but simply to cull out that portion of it bearing on 
the above stated problem. 

The writer has gotten together from various sources as many samples 
of sand as possible, and from first hand studies on the same has endeay- 
ored to confirm, as far as possible, the observations of others and arrive 
at an independent judgment concerning the distinguishing character- 
isties of the various types and subtypes. The study has been far from 
exhaustive and has suggested to the writer, and may do so to others, 
many varieties of sand for which search may be made. The camera has 
heen brought into requisition upon typical mounts of these sands, and 
the views thus obtained reproduced here in half-tone, thus revealing 
much that can not well be expressed in language. No photographic plate 
however, can receive and record fully the great variety of impressions 
that the eye receives directly from such material. 


CLASSIFICATION OF SAND GRAINS 


The classification adopted is based on the various agencies responsible 
for the production of the sand, and to the extent that these agencies sug- 
gest to the geologist at once the mode of production the classification is 
genetic. It was soon found that a classification based on the general 
form of the granules, such as that proposed by Sorby in 1879,° and 
copied somewhat generally, would be found unsatisfactory if made to 
cover all types of sand. Sand as different as glacial, residual and vol- 
eanie in method of production, composition, and condition would be 


20On the structure and origin of non-calcareous stratified rocks. Quarterly Journal 
of the Geological Society of London, vol. xxxvi, 1880, Proceedings, p. 58. 
* Quarterly Journal of the Geological Society of London, vol. xxxvi, 1880, p. 58. 
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CLASSIFICATION 


thrown together under one heading. Similarly aqueous, wolian, odlitic 
and much volcanic sand would have to be grouped together because of 
general similarity in the shape of the granules. Chemical composition 
is almost as unsatisfactory as a basis of sand classification for similar 
reasons. In the classification adopted it was found that the main varie- 
ties of sand commonly encountered may be distributed under seven dis- 
tinct types; but since the sand-producing agencies are in operation more 
or less continuously, these types may be still further acted on by one 
or more of the other agencies, and intermediate subtypes be produced. 
To distinguish these subtypes a system of compound terms is proposed, in 
which the last term designates the type form and the first term indicates 
the agency by which the type has begun to be modified. In this way a 
large number of intermediate varieties of sand, many of them of much 
geological importance, may be designated very simply as soon as their 
mode of production can be determined. To illustrate: An aqueo- 
residual sand is one in which the granules have been produced by the 
various residual agencies and have been subsequently more or less modi- 
fied by water action. <A residuo-aqueous sand, on the other hand, is to 
be understood as one in which water-rounded granules have been sub- 
jected to the agencies of weathering, and give more or less evidence of 
such action. Through these subtypes the aqueous and residual types of 
sand are connected, as they are found to be in nature, to the extent that 
the secondary agency has operated on the original type. If the water 
action is complete enough to obliterate all traces of the residual action, 
or if the residual agencies have shattered and destroyed the aqueous sand 
beyond recognition, then the subtype passes into one of the other types. 
This same system of classification will be found to apply to pebbles on 
one hand and the variously formed types of dust on the other, thus 
bringing out the intimate relation hetween sand and all such clastic 
material. The distinction between these three classes of materials is, of 
course, entirely arbitrary, and would be made differently by different 
investigators. In describing a residual sand from Medford, Massachu- 
setts, Merrill® makes the following distinctions: Gravel, above 2 milli- 
meters: fine gravel, 2 to 1 millimeter; coarse sand, 1 to .5 millimeter; 


4As presented in this paper the classification is not absolutely complete, several geo- 
logically unimportant varieties of sand not being included, in order to secure the de- 
sired simplicity. In the manufacture of talus, in avalanches, rock slides. rock and 
mud flows and earth movements along joint-planes, sand is produced along with coarser 
and finer material, of a nature quite similar to that due to glacial action. Meteoritic 
matter of sand-like texture may also reach the earth and be recognized by form and 
composition. It seems quite possible that rounded sand grains might originate by con- 
cretionary action of the clay-ironstone variety and be segregated by some agency. 

5U. S. Geological Survey, Bulletin No, 150, 1898, p. 380. 
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medium sand, .50 to .25 millimeter ; fine sand, .25 to .10 millimeter ; very 
fine sand, .10 to .05 millimeter; silt, .05 to .01 millimeter; fine silt, .010 
to .005 millimeter; clay, .005 to .0001 millimeter. 


GLACIAL SAND TYPE 


When freshly assorted and deposited by the glacial drainage streams 
the sand resulting from the mechanical crushing of crystalline rocks by 
glaciers is sharp, angular, fresh, and bright under the microscope, show- 
ing but little evidence of weathering or of wear (see figure 1, plate 43). 
The quartz grains are strongly vitreous in a good light, show the charac- 
teristic conchoidal fracture, have sharp edges and keen points. The 
cleavable minerals exhibit fresh looking cleavage surfaces, seams, and 
edges, and give but traces of internal decomposition due to incipient 
weathering. There is generally much variety of mineral represented, 
depending, of course, on the nature and composition of the rocks serv- 
ing as the parent beds. The sand collected from the banks of glacial 
streams or from their deserted beds is generally poorly assorted, leading 
to considerable variation in the size of the constituent particles. Owing 
to their size and the inability of the glacier to hold them firmly, faceted 
and glaciated sand grains would scarcely be expected; still an occasional 
larger grain may be found showing such facets and scratches, very sug- 
gestive of those carried by boulders from the till. An occasional well 
rounded granule may be met with, as seen in figure 1, plate 43, which 
may belong to another phase of granular development, water-borne or 
wind-blown, or the form may have been originally present in the parent 
bed. Sand washed from the pleistocene till deposits exhibits the same 
general characteristics above enumerated, but with a considerably larger 
proportion of roughly or completely rounded granules (see figure 2, plate 
43). These give evidence of abrasion and wear after their formation by 
the glacier, the sharp corners and edges showing some rounding and 
yielding a subangular type of granule. Weathered grains are more 
numerous than in the sand from modern glaciers, and they exhibit signs 
of external corrosion rather more pronounced in the earlier than the 
later till deposits. Washed from these till beds, assorted and still fur- 
ther rounded by water action, we have the source, undoubtedly, of much 
of the sand of glaciated and adjacent regions. Such sand subjected to 


* Note the remark of Mackie in Edinburgh Geological Society, vol. vil, 1896, p. 151. 
TSorby: On the structure and origin of non-calcareous stratified rocks. Proceedings 
of the Geological Society of London, vol. xxxvi, 1880, p. 59. 

Evans: Felspars in sedimentary rocks as indices of climate. Transactions of the 
Edinburgh Geological Society, vol. vii, 1898, pp. 445 and 459, 
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but a slight amount of water erosion is obviously not to be distinguished 
from that found in the till, so far as the granules themselves are con- 
cerned. Embedded in the till there occur often lenticular, stratified 
deposits of such sand, and in the basal layers of the beaches of glacial 
lakes, which may or may not have been subjected to much aqueous action. 
Such sand, which shows by the modification of the granules themselves 
the action of water, may be conveniently referred to as of the aqueo- 
glacial subtype. 
VoLoanic SAND TYPE 


. So far the general form of the granules is concerned, the sand re- 
sulting from the action of voleanoes on solid lavas may resemble on one 
hand that obtained from glacial action. The grains are often very irreg- 
ular and sharply angular, and give no evidence of erosion about the 
corners and edges. The assorting is due to gravity acting on the ejected 
materials while buoyed up by the atmosphere, and may be more or less 
complete, always more so than in glacial deposits and generally less than 
that due to water action. The stratification resulting is quite regular 
and horizontal, and free from any cross-bedding or rippling. In the 
case of the vitreous materials the sand fragments in their form, luster, 
and method of breaking may much resemble freshly pulverized glass, 
seen especially as the sand approaches dust in its texture (see figure 3, 
plate 43). The coarser particles give evidence of rounding due to mu- 
tual abrasion while suspended in the air, or, in the case of derivation 
from molten or plastic lava, from having been thus molded during their 
aerial flight, and may pass into lapilli (see figure 4, plate 43). Well 
defined outlines of isolated crystals may often be observed, the corners 
and edges giving more or less evidence of erosion while in the solid con- 
dition. The granules derived from voleanic sand generally contain 
much amorphous material, or show only incipient crystallization, exhibit 
flowage structure and are more or less vesicular (see figure 3, plate 43), 
by which they may be readily distinguished from ordinary glacial sand.* 
In the case of a glacier acting on a series of lava beds there may be pro- 
duced a type of sand very similar, possibly nearly identical, with volcanic 
sand and to be distinguished from it chiefly by the nature of the deposit 
in which it occurs. When separated from their parent beds by slight 
water action the volcanic sand may be expected to show more rounding 


*A discussion of how volcanic sand may be produced and a description of a sample 
from the Snag Lake cinder cone, California, is given by Diller in Builetin No. 150 of 
the U. S. Geological Survey, 1898, p. 245. See also The eruption of Krakatoa, Report 
of the Royal Society of London, 1888, p. 38. Russell: Volcanoes of North America, 
1897, p. 75. 


XLIV—BULL. Grou. Soc. AM., VoL. 21, 1909 
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and more detached erystal fragments than the glacio-volcanic subtype 
and a complete absence of striated facets. Sand washed from the mud 
flow that overwhelmed Herculaneum shows considerable rounding, which 
might plausibly be ascribed to the mutual abrasion of particles during 
the flow of a few kilometers. It seems to sustain about the same relation 
to ordinary voleanie sand that sand washed from the till sustains to 
freshly formed glacial material. An examination of the sand, however, 
which fell upon Pompeii directly from the atmosphere during the same 
eruption shows about the same degree of rounding, and suggests that in 
both cases the cause was the same. 


ReEsIDUAL SAND TYPE 


Sand of this class results from the complicated set of agencies compre- 
hended under the general term of “weathering,” acting on rocks of the 
plutonic or voleanic type. Through unequal expansion and contraction 
due to temperature changes, expansion due to ice formation in the crey- 
ices, or hydration of constituent minerals in the body of the rock, the 
surface of the bed is disrupted and disintegrates into a gravelly sand. 
This action is hastened by various chemical changes and solution, and if 
long enough continued results in the formation of a rusted soil. The 
conditions under which such changes occur have been fully discussed? ; 
our chief interest here is in the resultant type of sand grain. From the 
method of formation residual sand must be poorly assorted, what assort- 
ment there is being due to the removal near the surface of the finer 
material by wind or rain wash and the fact that the texture becomes 
gradually coarser as one descends toward the parent bed. This means 
that the residual deposit is better assorted than the glacial and more 
poorly than the voleanic. Under the microscope the granules appear 
decidedly angular, with no evidence of secondary rounding (see figures 
5 and 6, plate 43). Isolated crystals and crystal fragments are in evi- 
dence, indicating a tendency of the constituent minerals to drop apart, 


*Hunt: The decay of rocks geologically considered. American Journal of Science, 
3d ser., vol. xxvi, 1883, p. 190. 

Chamberlin and Salisbury: The driftless area of the upper Mississippi Valley. 
Sixth Annual Report of the U. S. Geological Survey, 1885, p. 239. 

Russell: Subaérial decay of rocks. Bulletin No. 52, U. S. Geological Survey. In 
this bulletin will be found a full list of references up to the date of its publication in 
1889. See also 

Shaler: The origin and nature of soils. Twelfth Annual Report of the U. S. Geo 
logical Survey, 1891, p. 219. 

Merrill : Rocks, rock-weathering, and soils, 1897, parts iii and v, and Bulletin No. 
150, U. 8. Geological Survey, 1898, p. 376. The most comprehensive and most recent 
discussion of the various residual processes will be found in Van Hise’s “Treatise on 
metamorphism,” Monograph XLVII, U. S. Geological Survey, 1904, p. 409. 
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RESIDUAL TYPE 631 


somewhat as seen in volcanic, but not noticeable in glacial sand (see cen- 
ter of figure 5, plate 43). The chief characteristic by which residual 
sand is to be distinguished from the preceding types is by the pronounced 
weathering of all the minerals capable of such change. Many of these 
minerals become opaque, clouded, or deepened to yellow, deep green, or 
brown, strongly suggesting age and decay. Goodchild has pointed out 
marked differences in the weathering of eruptive rocks and limestones, 
depending on the amount of humidity’? present. Under arid conditions 
the disintegration is very largely mechanical, resulting in the splintering 
of the cleavable minerals into fresh, angular fragments, while under 
moist conditions there is more or less chemical decomposition, especially 
detectable in the feldspars. In the same volume (page 444) Mackie 
reaches the same conclusions in his paper, “Felspars in sedimentary 
rocks as indices of climate,” read in 1898." The resistant quartz crystal 
fragments often are coated with iron oxide and the microscopic mount 
gives evidence of age not seen in any other type of sand. When origi- 
nally present in the parent rock the softer mica still remains much in evi- 
dence, showing its ability to resist the processes of decay quite as well as 
some of the harder minerals. Subjected to mechanical abrasion, this 
would be the first of the common rock-forming minerals to disappear. 
When a bed of till is exposed for a long enough time to the various 
agencies of weathering, the same ingredients take on the above character- 
istics, and there results a subtype of sand showing a combination of 
characters which may conveniently be referred to as residuo-glacial. 
The pre-Kansan (Nebraskan), Yarmouth, Sangamon, and Peorian 
weathered zones of the various till sheets described by Leverett,’* give 
evidence that the pebbles, and presumably the sand grains, but probably 
to a less extent are passing into this condition. Removed from its asso- 
ciations in the parent bed by slight water action, the typical residual 
sand is distinguished from the residuo-glacial variety by the scarcity in 
the latter of the softer minerals and detached crystals and the relative 
abundance of rounded granules. The typical glacial sand is to be dis- 
tinguished from the residuo-glacial variety by the evidence in the latter 


1 Desert conditions in Britain. Transactions of the Edinburgh Geological Society, 
vol. vil, 1896, p. 205. 

11 See also Merrill in Bulletin of the Geological Society of America, vol. 7, 1896, p. 
359. 

Barrell : Studies for students. Journal of Geology, vol. xvi, 1908, pp. 171, 176, and 
following. 

12 Proceedings of the Iowa Academy of Sciences, vol. v, 1898, pp. 8 and 18. Journal 
of Geology, vol. vi, 1898, pp. 171, 238, and 244. Monograph XLI, U. S. Geological Sur- 
vey, 1902, pp. 292 and 302. American Journal of Science, vol. xxvii, 1909, p. 349. 
See also paper by Shaler in Twelfth Annual Report of the U. S. Geological Survey, 
1891, p. 236, 


— 
4 
a 
‘ 
% 
ipre- 
the 
tion = 
TeV- 
and. 
d if 
The 
; 
the 
ort- 
ner 
mes 
ans 2 
ore 
ear 
art, 
nce, 
ley. 
In 2 
in ig 
a 
No. 
ent 
on 


632 Ww. H. SHERZER—RECOGNITION OF TYPES OF SAND GRAINS 


of extreme weathering, and the same criterion may be used to distinguish 
voleanic from what may be termed residuo-volcanie sand. The passage 
of such voleanic sand into residuo-voleanic material has been described 
by Shaler in his paper previously cited, “Origin and nature of soils” 
(page 239). In the case of a residual sand subjected to but slight 
aqueous action of stream or wave, not enough to materially change the 
form of granule nor completely remove the coating of iron oxide, we 
have a subtype of sand which may be termed conveniently aqueo-residual 
and which may be found to comprise the body of numerous beds of sand- 
stone and arkose. This explanation is assigned to the formation of the 
Newark system (Jura-Trias) of the Appalachian region by Russell, in 
the bulletin previously referred to (No. 52, page 44-46), and its color 
accounted for. This author believed the red color to have resulted 
directly from the weathering under warm, moist conditions (pages 27 
and 30). Barrell has shown that there is reason for thinking that with 
sufficient time only a moderate heat is required, and that the red color 


may be developed in subaérial deposits under conditions of aridity.™* 


Aqurous SAND TYPES 


For convenience of study, sands which owe their characteristics to the 
action of moving water may be divided into river and beach sands, but 
under the microscope they appear essentially alike and are not to be dis- 
tinguished from one another. In the case of minerals of the same or 
very similar specific gravity, quite complete assorting may often be noted. 
The most complete effect of this nature may be obtained, as recently 
pointed out by Sorby,** to a bottom current in comparatively shallow 
water. To use his own language, “more or. less perfect similarity in the 
size of the grains usually indicates a sorting of the material by a current 
at the very bottom of comparatively shallow water; whereas great irregu- 
larity in the size indicates that the material was deposited from much 
deeper water, in which there was little current at the bottom, though a 
good deal of current higher up.” 

Under such favorable conditions the assorting power of water exceeds 
that of any of the previously discussed agencies, being approached only 
by the volcanic and exceeded only by the eolian. Similarity in size pre- 
supposes that the granules possess approximately the same structure and 


13Climate and terrestrial deposits. Studies for students. 
xvi, 1908, pp. 285 to 287. 

% Sorby: On the application of quantitative methods to the study of the structure 
and history of rocks. Quarterly Journal of the Geological Society of London, vol. Ixiv, 


1908, p. 185. 


Journal of Geology, vol. 
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AQUEOUS TYPES 633 


specific gravity, while if these properties vary considerably there would 
occur a corresponding variation in the relative sizes of the granules de- 
posited in the same bed. The experiments of Sorby, reported in the 
above cited paper, indicated that a current of about 6 inches per second 
is sufficient to slowly drift along granules of common sand having a 
diameter of about a hundredth of an inch. No rippling of the sand was 
produced until the velocity of the current was somewhat greater (page 
180). The “angle of rest,” in water, of sand averaging about .05 inch 
(ranging from .03 to .07 inch), he found to be about 41 degrees when 
simply coming to rest, but about 49 degrees before giving way after hav- 
ing been at rest. For smaller sized granules the angles were less, being 
34 and 36 degrees for grains averaging .01 inch and 30 and 33 degrees 
for sand averaging about .003 inch in diameter (page 174). The author 
describes (pages 186-188) what he terms “drift-bedding” as resulting 
when sand drifted by a current reaches relatively deeper water, by which 
the velocity is checked and the sand deposited at the angle of rest in a 
bed, the thickness of which corresponds to the increased depth. When 
deposited by currents of water the angle of rest is considerably reduced. 
As a result of the steep angles of rest, sand deposited under rapidly shift- 
ing currents may show very marked cross-bedding. In the case of all 
classes of aqueous deposits there is always the possibility of the introduc- 
tion of marine or fresh water forms of animal or plant remains. No 
especial significance, however, can be attached to their absence, since a 
bed of rapidly accumulating or shifting sand is unfavorable for life and 
the permeability of a sand deposit favors the decay and removal of 
organic forms. In the case of granules practically insoluble in ordinary 
water, the shaping of the same is due mainly to their mutual abrasion 
while in motion. Based on a study of the modern-and ancient sands of 
Great Britain, Mackie in 1897 developed a formula expressing the capac- 
ity of sand grains to become rounded in water, the factors involved being 
the size, specific gravity, hardness, and distance traveled.** It was found 
that the larger grains showed the most evidence of rounding ; that where 
the grains were of-about equal size the heavier were the more rounded ; 
that where size and specific gravity were about the same the softer showed 
the more rounding. In those cases in which the source of the sand could 
be determined it was shown that those sands which had traveled the 
farthest were the most rounded. Assuming the size, shape, and distance 


™% Mackie: On the laws that govern the rounding of particles of sand. Transactions 
of the Edinburgh Geological Society, vol. vii, 1897, p. 300. See also paper by Good- 
child (loc. cit.), 1896, p. 208. Also On the constitution and history of grits and sand- 
stones, by Phillips. Quarterly Journal of the Geological Society of London, vol. xxxvii, 
1881, p. 21. 
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traveled to be uniform, the author constructs a table showing the relative 
roundability (“psephicity”) of the common rock-forming minerals for 
both water and air. Although the figures must be regarded as only 
approximations, they are of interest in connection with the present dis- 
cussion, and a portion of the table is here reproduced. 


Mackie’s Table showing the relative Capacity of Minerals to become rounded. 


Mineral. In water. In air. 


6. Muscovite ....... 86 1.30 


These figures are to be interpreted as meaning that the capacity for 
being rounded in water is about 1 2/3 times greater for hornblende and 
garnet grains than for quartz, providing the grains are of approximately 
; the same size and shape and have been subjected to the same amount of 
water action. 

In comparison with glacial and residual sands and many samples of 
the voleanic type, the aqueous sands show marked evidence of erosion 
about the corners and edges. When the action has been relatively slight 
in amount the quartz grains, however, as well as garnet, magnetite, and 
some other harder minerals, may show sharp points and edges and fresh 
conchoidal fracture (see figures 1 and 2, plate 44). Much variety of 
material is to be expected, especially if the granules are derived from 
glacial or residual deposits. Subjected to further action, the softer, 
cleavable, and slowly soluble or decomposable minerals begin to be re- 
duced in size and gradually eliminated, while the harder show evidence 
of wear (see figures 3 and 4, plate 44). In a paper presented to the 
Edinburgh Geological Society, in 1896, Mackie describes the gradual 
elimination of feldspar from the river sands, samples for study being 
collected from various points along the courses of the streams.’* In the 
case of the four principal rivers studied the average amount of feldspar 


% Mackie: The sands and sandstones of eastern Moray. Transactions of the Fdin- 
burgh Geological Society, vol. vii, p. 148. See also “Studies for students,” by Barrell. 
Journal of Geology, vol. xvi, 1908, p. 364. 


‘ 
7 
‘ 
G 


AQUEOUS TYPES 635 


left in the river sands taken from points nearest the sea was 18 per cent, 


ative 

; for while the neighboring sea sands were found to contain but 10 per cent 
only (page 149). ‘The common minerals, softer than the feldspars, would be 
dis- disposed of still more promptly, and there results a gradual concentra- 
tion of the quartz granules because of its hardness, specific gravity, lack 
aad of cleavage, insolubility, and ability to resist decomposition. Work of a 
similar nature has been done also by Walther in the way of showing that 
the softer and more decomposable minerals are slowly eliminated in the 
course of a stream leading to a concentration of quartz. In proportion 
to the amount of water action to which they have been subjected these 
quartz grains become smoothed, present rounded edges and corners, and 
assume subangular outlines. By subjecting angular fragments derived 
from crushed granite to an experiment in which the distance traveled 
could be approximately determined, Daubrée found that in a distance of 
about 1514 miles these fragments were indistinguishable from common 
river sand. The investigations of this able experimenter showed further 
that granules .1 millimeter in diameter will float in feebly agitated water, 
from which he concluded that grains of this size and less could not be 
for mechanically rounded by water action.’7 When such are found in aqueous 

ind deposits the inference is that they are of other origin. 
ely An interesting pure gray sand, which seems to have been due to very 
of long continued water action, is found on the Gulf of Mexico coast, Es- 
cambia County, Florida. There is scarcely a fragment left of any min- 
of eral other than quartz showing practically perfect concentration, while 
- the granules evince long continued wear, but are still subangular in gen- 
ht eral outline rather than subspherical or ellipsoidal (see figure 4, plate 
nd 44). This sand is briefly described under the head of “Gray Sand” in the 
sh Second Annual Report of the Florida Geological Survey, 1909, page 152. 
of A mechanical analysis of this sand by the U. S. Bureau of Agriculture 
= shows that practically all material below .1 millimeter has been removed 
ms (presumably by assorting action), and that the granules range from .1 
- millimeter to 1 millimeter in diameter, averaging from .25 to .50 milli- 
- meter.'* It would be of interest to know the distance that this material 
” has been transported and the original source of it, but so far this is un- 
al known. Under date of May 14, 1910, State Geologist E. H. Sellards 
8 writes that he regards the mantle of sand over the interior of the state of 
a Florida as residual and resulting from the decay of originally existent 
ir sand-bearing formations. As to that of the highlands of Escambia 


 Geologié Expérimentale, p. 256. 
'* Reported in correspondence by E. E. Free, physicist of the department. 
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County, from which the beach sands of this portion of the gulf were 
probably derived, he writes: 


“The considerable depth of sand forming the top part of the section along 
the bluffs facing Pensacola Bay, these sands are of the type that I regard as 
residual. The upper several feet are bleached white. Such iron staining as 
they may have possessed originally is likewise carried away through the leach- 
ing effect of rain water. Our summer rainfall is extremely heavy, and tie 
minute clay particles which originally formed part of the formation have been 
carried away by mechanical wash. Beneath these light colored superticial 
sands is found the sand in less complete condition of decay, at this depth being 
mottled, iron-stained, and containing more or less fine clay mixed with the 
sand. . . . It appears to be a formation originally deposited in compara- 
tively shallow water with conflicting currents, resulting in irregularities in 
deposition and in cross-bedding. The materials doubtless came from the con- 
tinent to the north. . . . The nearest igneous rocks which must have been 
their original source lie some 500 miles to the northwest.” 


According to this interpretation, the Escambia beach sand is being the 
second time worked on by the waves, the residual agencies just preced- 
ing presumably having had little effect upon the granules themselves. It 
appears to represent the extreme type of aqueous sand. Merrill has 
briefly described and figured what appears to be an identical sand from 
the beach of the neighboring Santa Rosa Island.*® At West Palm Beach, 
on the Atlantic side of the state, there occurs the same type of sand, 
which has been presumably transported many miles along shore from the 
Piedmont region to the north, yielding the subangular type of granule 
and eliminating practically everything but quartz.*° 

In glaciated and adjacent regions the bulk of the sand handled by 
streams and the waves of the lakes and seas is very probably of glacial 
origin, while in non-glaciated areas it is either largely residual or derived 
from the parent beds directly by the erosive action of the water itself. 
For volcanic sands rehandled by the water the compound term aqueo- 
voleanic is expressive, but is not intended to be applied to a sand result- 
ing from the direct action of water on an ordinary lava bed. It is scarcely 
to be expected that voleanic sands of the rounded type can be distin- 
guished from aqueo-voleanic sands except by evidence based on the nature 
of the depositing agent. About the shores of voleanic islands aqueo- 
volcanic sands must occur not infrequently, and in cases such as clearing 
their valleys of the vast quantities of ash derived from La Soufriere, in 
1902, the Wallibu and Rabaka rivers, on the Island of Saint Vincent, 


1” Rocks, rock-weathering, and soils, p. 343. 
” See Shaler’s paper, “Phenomena of beach and dune-sands.” Bulletin of the Geo- 
logical Society of America, vol. 5, 1894, p. 208. 
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have rehandled and assorted much sand and without doubt modified the 
form of granules.2"| Subjected to the various agencies of weathering, a 
bed of aqueous sand or a bed of sandstone derived therefrom, such as . 
that referred to above in connection with the Escambia sand, may grad- 
ually assume residual characteristics and be conveniently classified as 


residuo-aqueous. The quartz grains will undergo but little change in ‘ 
size, form, or condition unless organic acids are present, but they may 
become much stained and rusted from contact with other minerals. They °. | 


may be relied on to indicate the aqueous origin of the bed and to thus 
distinguish it from the simple residual type of sand. The cleavable and 
decomposable minerals, when present, will be broken up and altered and 
their original size, form, and condition lost. A glacio-aqueous subtype + 
of sand results when a glacier operates with sufficient vigor on a firm 4 
sandrock originally aqueous; the granules becoming mechanically crushed 
will show more and more of the characteristics assigned to glacial sands. 


Many of the granules would be expected to retain more or less trace of * 
their original rounded outlines not seen in ordinary glacial sands derived : 
from the crystalline rocks, and faceting and striation could probably he 

detected on some of the coarser granules. In the case of such a glacio- ‘- 


aqueous subtype of sand the rounded granules are becoming sharply 
angular, while in the aqueo-glacial subtype previously referred to the 
edges and angles of irregular granules are becoming subdued. . 

Until acted on by some secondary agency, glacial, volcanic, and residual 
sands are generally found near enough to their home locality, so that 
their origin may often be inferred with reasonable certainty. In the 
case of aqueous sands, however, they may be transported to such dis- 
tances that their place of origin can be determined, if at all, only by the 
most detailed study of the constituent granules. This problem was at- a 
tacked some fifteen years ago by Mackie, and his observations and con- 
clusions reported on in the paper previously cited, “The sands and sand- “" 
stones of eastern Moray.” From a study of the inclusions present in the i 
quartz and feldspar granules and from the associations of minerals found 
to be present in the loose sands and the possible parent beds, he was able y 
to make very plausible inferences concerning the origin of the grains of 
certain modern and ancient sand formations of northern England.*? In 
the quartz grains three types of inclusions were recognized in that 
region, which, with those grains in which they were absent, gave four 


*tSee paper by Hovey, “Clearing out of the Wallibu and Rabaka gorges on Saint Vin- 
cent Island.” Bulletin of the Geological Society of America, vol. 20, 1909, p. 417. % 

See also paper by Sorby (loc. cit.). Proceedings of the Geological Society of Lon- ‘tg 
don, vol. xxxvi, p. 47. a 
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subdivisions (page 152)—regular, acicular, irregular, and absent. The 
first division comprised the ordinary crystalline inclusions, such as chilo- 
rite, mica, rutile, apatite, garnet, zircon, magnetite, etcetera, which might 
occur in various combinations or under exceptional forms. ‘The acicular 
division included those grains showing tufted, sheaf-like or other combi- 
nations of fine needle-like inclusions, some of which were identified as 
sillimanite. Under “irregular inclusions” are referred the gas or liquid 
inclusions, with or without bubbles. The author’s study of the crystal- 
line rocks of his region convinced him “that acicular and irregular in- 
clusions preéminently abound in the quartz of granite; that the regular 
group is to be found in various proportions, but always in relatively 
larger numbers in the quartz of gneiss and the younger schistose rocks” 
(page 154). In tracing the sands to the parent bed on the basis of the 
quartz inclusions, confirmatory evidence could often be obtained from 
the inclusions or certain peculiarities of the associated feldspar or other 
minerals. In summarizing his success in applying the method, Mackie 
says: “Several groups have been identified with all but absolute certainty. 
Regarding others, which may be traced to more than one locality, there 
is, of course, at times some doubt, while regarding a considerable re- 
siduum I have not yet even a hint to go by in the matter of their identi- 
fication” (page 158). This work and the method employed suggests 
many problems awaiting solution in all sections of the country. An at- 
tempt to utilize the method in tracing the origin of the Sylvania sand is 
given toward the close of this paper. 


AEOLIAN SAND ‘TyPEs 


Sands of any of the previously described types—glacial, volcanic, re- 
sidual, and aqueous—may come within the g ‘asp of the winds, and suffer 
still further abrasion under the influence of this new agency. In com- 
parison with the water, the granules in air strike with so nearly their full 
weight that the shaping of such grains is much more rapid and complete. 
Applying the formula previously referred to, Mackie** calculated that 
with a current velocity of 2 miles an hour and a wind velocity of 8 miles 
an hour, the rounding effect of the wind on quartz grains is about twenty- 
nine times greater than is that of the water, and that particles less than 
one-fifth the diameter of those rounded by water will be rounded to an 
equal extent by the wind. The factors involved in this rounding process 


23 Mackie: On the laws that govern the rounding of particles of sand, p. 310. Seer 
also 

Udden: Erosion, transportation, and sedimentation performed by the atmosphere. 
Journal of Geology, vol. ii, 1894, p. 318. 
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he are the size, hardness, and specific gravity of the granules, the total dis- 

0- tance and the velocity with which they have been moved. Other minor 

ht factors that must be reckoned with are cleavability, solubility, tendency a 

ar to decompose, ability to absorb heat and withstand sudden changes of . 

Ni- temperature. The relative ease with which the common minerals become 

as rounded in air, when subjected to approximately identical conditions, is ‘ 

i shown in Mackie’s table quoted on page 634 of this paper, from which it is . 

1- seen that quartz is still the most resistant of the list, but differing only b j 
slightly from orthoclase. 
ir Sand of the glacial, volcanic, residual, or aqueous type, subjected to but ’ " 
ly slight wind action, is not to be distinguished from the parent material in 

” isolated samples. Taken in connection with the deposit, however, in 4 

le which it occurs, a distinction may be made and the prefix @olo utilized. % 

n Furthermore, the evidence of xolian erosion often may be recognized, 

ir superposed on the original granule, but without obliterating its main 

e features. To the extent that loess possesses a texture comparable with ‘i 

y. sand (ordinarily it is much finer) and is derived from glacial deposits by ‘J 

e wind action, it represents an wolo-glacial subtype. So far as it may have 

a been deposited by the action of water it would come under the head of ¢ 

- an aqueo-glacial deposit.** If the material was largely residual to start 2 

8 with, as advocated by Pumpelly for the great deposits of eastern China, 

- and as supported by the recent researches of the Carnegie Expedition, a 

$ then such loess should be characterized as xolo-residual,?® and could 


probably be distinguished from that of glacial origin. Ordinary volcanic 
sand must more often than not have its surface layers subjected to wind 
action, from which there would result sand of the xolo-volcanic variety, 
recognizable by the composition of the granules, the more or less com- 


; plete rounding of the finer materials, and the nature of the deposit in ad 
, which found. Much of the sand of the Sahara and other great deserts 
of the earth is probably wolo-residual in character, resulting from the “ 
breaking down by wind erosion and weathering of beds of crystalline and a 


fragmental rocks.2* The constant supply of this material, combined with 
the continuation of the residual agencies, often causes a puzzling mixture 
of typical wolian sand and sharp, angular fragments which belong at the 


**A description of the microscopic appearance of a loess from Muscatine, Iowa, !s 


given by Diller in U. 8. Geological Survey Bulletin No. 150, p. 65. More general de- 
scriptions will be found in the Sixth Annual Report of the U. 8S. Geological Survey, ‘4 
1885, p. 278, by Chamberlin and Salisbury. See also McGee’s paper in the Eleventh 
Annual Report, 1891, p. 291. a 
*Pumpelly: The relation of secular rock-disintegration to loess, glacial drift, and a 
rock basins. American Journal of Science, 3d ser., vol. xvii, 1879, p. 133. , 
Willis, Blackwelder, and Sargent: Research in China, vol. i, 1907, p. 242. Ve 


*“Das Gesetz der Wiistenbildung,”’ Walther, 1900, p. 120. 
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other extreme of the series (see figure 3, plate 45, and figure 1, plate 46). 
Sands derived directly from ocean and lake beaches or from river flats 
are seized by the winds and heaped into dunes, furnishing us abundant 
examples of the wolo-aqueous type of sand. ‘These are generally referred 
to as “dune sands,” but since they are often found not in dunes and 
dunes occur most abundantly and typically in desert regions, where the 
source and nature of the granules may be markedly different, the genetic 
term xolo-aqueous is to be preferred. Owing to their location, they may 
be returned to the water many times in their history and successively 
submitted to the action of current, wave, and wind. Typically these sands 
show a larger admixture of rounded and subangular granules than will 
be found in the parent beach and river sands (see figure 6, plate 44, and 
figures 1 and 2, plate 45). The surfaces are more generally smoothed 
and begin to show the appearance of ground or frosted glass, and some 
pitting of the surface begins to be detectable. As their name implies, 
they are intermediate in character between typical wxolian and typical 
aqueous sands and may graduate imperceptibly into either, which fact 
will account for the somewhat conflicting statements of observers con- 
cerning beach, dune, and desert sands and the very general impression 
that real distinctions can not be made. 

Thus far we have spoken of only those cases in which the wind action 
is incomplete, its effect not obliterating that of the previously operating 
agencies. When there is opportunity for strong and long continued wind 
action, without too much accession of new material, as in the case of 
some ancient deserts, the granules become more generally and more per- 
fectly rounded and we have produced the true wolian type of granule 
(see figure 6, plate 47). The bodies of the granules themselves become 
subspherical or ellipsoidal, their surfaces are dulled, frosted, and minutely 
pitted, seen best in the coarser granules (see figure 2, plate 46). Zittel 
has described the surfaces of such granules as polished, but this term is 
inappropriate if he has in mind the granules in a dry state.2* The frac- 
ture surfaces of the quartz granules are smoothed out, the corners and 
angles gone, but the surfaces are minutely rough. This rounding con- 
tinues down to grains much smaller than .1 millimeter, the limit set by 
Daubrée for water rounding, but is not general in any desert sand exam- 
ined, owing probably, as pointed out above, to accessions of new material 
by residual action and the continuous action of the residual agencies on 
the granules capable of further change. Owing to the same reason, the 
assorting of the grains is not as perfect as it would otherwise appear and 


7 Beitriige zur Geologie der libyschen Wiiste. Palaeontographica, Bd. xxx. 
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the elimination of the softer minerals is not complete (see figure 3, plate 
45, and figure 1, plate 46). 

Owing to the action of the various residual agencies on the cleavable, . 
soluble, or decomposable minerals, combined with the abrasion of the 
softer ones, they are gradually reduced to dust and blown away, leading 


to a more perfect assortment and a concentration of quartz, as pointed J 
out by Walther®® (pages 149-153). Preceding the sand storms in the : 
Libyan desert this observer noted dust clouds which settled about the * . 


margins of the desert, and he writes: 


“It is no accident that the bed of vegetationless desert is covered with quartz 
sand, the bed of the grass-grown steppe with clay dust. It is also no accident 
that the north African deserts are surrounded by clay dust steppes. Desert 
and steppe belong together not only from the viewpoint of climatology, but also 4 
sedimentary formation—the steppe is often the child of the desert” (page 152). 

This removal of the dust and concentration of the quartz was pre- 
viously described by Sokolow?® (page 189). In the Astrakhan region 
he found the sand to consist of 90 per cent quartz, with the grains 


rounded, irregular, and angular—those entirely rounded being rare, those ai 

‘3 
entirely angular still more rare (page 188). There appears to be a type . 
toward which the wolian sands are slowly working, but not known to 


actually attain in any modern desert. Such a sand would be almost per- B 
fectly assorted; would consist practically of quartz, the granules being 
subspherical, regardless of size; the surfaces would be dulled and pitted. 
Such a sand is believed to be shown in figure 6, plate 47. The size of the ‘ 
granules would gradually be reduced until small enough to remain sus- c 
pended by the air currents, when further reduction in size by mechanical ‘ 
erosion would cease. Before this would happen, however, they would be ef 
swept away and would enter on another stage of geological history. 

Although the assorting power of the air is superior to that of the 


water, the deposits resulting therefrom are less regular and even. Ex- -| 
periments of Sokolow (loc. cit., page 82), conducted in the laboratory "J 
on dry sand, gave an angle of rest ranging from 30 to 40 degrees. If 

40 degrees was exceeded the sand was very unstable, and became less in . 
case of rounded granules. His observations of the angles maintained on a 
the lee side of dunes ranged from 29 to 32 degrees. Other observers are RR 


quoted: Forchammer having obtained 30 degrees; Andreson, 28 to 31 


* Walther: Die Denudation in der Wiiste und ihre Geologische Bedeutung, Abhand- 


lungen der mathematisch physischen Classe der Kinigl. Siichischen Gesellschaft aer 
Wissenschaften, Band xvi, No. III, 1891. See also Udden: Dust and sand storms in 4 
the west. Popular Science Monthly, vol. xlix, 1896, p. 655. “te 


”*“Die Diinen, Bildung, Entwickelung und innerer Bau,” 1884. Translated froin 
Russian into German by Arzruni, 1894. 
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degrees; Raulin, 28 to 32 degrees, and Hagen, 26.5 to 31.5 degrees. 
Angles reported as high as 50 to 60 degrees he regards as simply eye 
estimates. In the case of the lee slopes of the dunes of the Oregon coast 
Diller reported angles of 40 degrees.*° In the case of dunes, the angle 
of the lee slope may be reduced by rain or other causes. Owing to these 
high angles of rest and the varying velocity and direction of the winds, 
steep cross-bedding and irregular stratification are common and charac- 
teristic.** In a recent discussion of this subject, Barrell gives the fol- 
lowing needed help to distinguish wolian from aqueous deposits: “The 
characteristic features of such dune sands, separating them from fluvial 
or littoral deposits, consist consequently in the homogeneous nature, 
the development of ‘millet seed’ texture, and the presence in striking de- 
gree of cross-bedding which may reach great thicknesses. The cross- 
bedded strata are abruptly truncated above but flatten out and become 
tangent to the general stratification at the bottom.”*? 

Rippling may occur in wolian sands, as in those of aqueous origin, but 
according to Goodchild, in the case of the former the coarser granules 
occupy the crests of the ripples, whereas in the latter they are found in 
the troughs.** Coarse gravelly deposits, interbedded with eolian strata 
and believed to be of torrential origin, have been described by Walther 
and Goodchild. Owing to the general absence of material capable of 
forming a cement, an wolian bed would be expected to form a very inco- 
herent type of sandrock unless the granules were bound together by for- 
eign material secondarily introduced, such as silica, alumina, calcium or 
magnesium carbonate, iron oxide, carbonaceous matter, etcetera. Fos- 
sils would scarcely be expected, but, if present, should be of the land 
type, and introduced during a more or less stagnant condition of the 
sand giving rise to the deposit. ' 

Rolian sands may be subjected to the previously described agencies, 
and new subtypes thus originated. Glacio-wolian sand would result from 
the passage of a glacier over a consolidated wolian sandstone, detaching 
and crushing the granules as described for the glacio-aqueous subtype. 
Residuo-eolian sand would result when such a bed is exposed for a suffi- 
cient time to the agencies of weathering, the quartz granules being iso- 
lated by the solution of the cementing material and the decomposable 


% Seventeenth Annual Report of the U. S. Geological Survey, part 1, 1896, p. 450. 
% See Walther: “Die Denudation in der Wiiste,” p. 172. 

Barrell: Relations between climate and terrestrial deposits. Studies for students. 
Journal of Geology, vol. xvi, 1908, p. 282. 

% Goodchild: Desert conditions in Britain. Edinburgh Geological Society, vol. vil, 
1896, p. 212. A very satisfying discussion of rippling and dune formation has been 
given us by Cornish in the Geographical Journal, vol. ix, 1897, p. 278. See also Cham- 
berlin and Salisbury : Geology, vol. i. chapter fi, p. 20. 
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minerals beginning their processes of decay. If iron is present in these 


ve minerals or is secondarily introduced in any way, the quartz granules 
ist will become coated with yellow, brown, or red oxide. What is apparently . ; 
le such a sand has been described by Phillips under the title, “The red 
se sands of the Arabian Desert.’** The surface features of this desert 
Is, appear to be in a state of repose, as evidenced by the sprinkling of vege- ; 
c- tation, by objects left on the surface remaining uncovered for years and 
1. the fact that the same landmarks can be constantly used in crossing. The * 
1e quartz grains are well rounded and coated with a deposit of ferric oxide, 
al giving the sand a light red color, described as almost crimson when wet : 
e, with dew in the early morning. The English Bunter sandstones, of 
p- Triassic age, have been assigned an wolian origin by Phillips and are : 
3- plainly of the residuo-olian subtype, judging from the following de- d 
e scription : 
“Reddish-brown friable beds, possessing but little cohesion, and of which the 
it constituent grains are all so completely rounded, that the disintegrated sand 4 
" flows between the fingers as readily as shot... . . These grains, of which id 
the majority are quartz, are so rounded as to represent miniature pebbles, 
" while a few, consisting of partially decomposed felspar, are often corroded into * 
a deep cavities on one or more of their sides.” This is one of the so-called . 
T “millet-seed” types of sandstone. ee 
. As the result of stream or wave action on an wolian deposit, ancient or 3 
: modern, the aqueo-wolian subtype of sand would be formed. If kept : 
; free from admixture with other aqueous material, which would not ordi- ; 
narily be the case, it is not apparent that any special change would occur b, 
; in the character of the granules. If found in the water itself, the more . 
perfected character of the granules would suggest an eolian origin, while ; 
' if already deposited the nature of the stratification, the character of the “a 
cement, or the presence of water fossils would point toward its aqueous 
relationship. This is illustrated very satisfactorily by portions of the J 


Sylvania formation, to be presently described. 


Oreantc SAND TYPE 


Unless it is remembered by the reader that the classification here 
adopted is based on the agency or agencies concerned in sand production, 
and not on its composition, the term organic will prove misleading.*® 


* Quarterly Journal of the Geological Society of London, vol. 38, 1882, p. 110. 
= Phillips: On the constitution and history of grits and sandstones. Quarterly P 
Journal of the Geological Society of London, vol. xxxvii, 1881, pp. 12-13. . 

*It may be noted, however, that sand of organic composition, if found to exist, . 
would also be included under this same heading. It is conceivable that granules of 'e 
suitable texture might be locally segregated consisting of coal, asphaltum, fossil spores, ae 
amber, evaporated petroleum, etc. 
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Under this head it is proposed to group those sands which owe their 
origin and character of grain to animal or plant life, either during the 
life of the organisms or subsequently. The composition of the material 
is mainly calcareous (calcite or aragonite) or silicious, and was extracted 
by the organisms from the water in which it was held in solution. Here 
belong typically the accumulations of the finer varieties of molluscan 
shells, along with the coarser forms of foraminifera and radiolaria.™ 
The so-called “green sand,” a composite of many minerals, chief of which 
is glauconite, owes its composition, in part, as well as its form, to foram- 
inifera, the granules having been moulded inside the empty shells. The 
generally accepted view is that the glauconite results from the organic 
reaction of the decaying life on muddy sediments derived from the land. 
Much of this has formed in the past, especially during the Cretaceous, 
and it is still forming in the ocean at depths of 100 to 200 fathoms. The 
granules are rounded, sometimes mammillated and nodular, often coarse, 
but mingled with much fine material.** So far as shell mar! is of suita- 
ble texture or contains such portions, to be considered as sand it would 
belong under this heading, whether derived from shells or from the 
growth of lime-secreting plants, as shown by Davis.*® This author 
points out that the upper portions of marl beds often have such sandy 
textures, composed of the incrustations that form on the stems of Chara 
(page 493). To the work of this plant and to that of blue-green alge 
(Zonotrichia and Schizothrix), which secrete calcium carbonate, is as- 
scribed the production of marl. The two latter alge give rise to incrus- 
tations of spongy material over dead bivalve shells of inland Michigan 
lakes and over those portions of live forms not embedded in the sand. 
They also form ellipsoidal, caleareous pebbles of spongy nature, showing 
both a concentric and radial structure, as described by Davis. These are 
readily disintegrated by wave action into sand, assorted, and the frag- 
ments often made into a beach. By this wave action the coarser shells, 
the corals, bryozoa, echinoid and crinoid fragments, are broken up and 
comminuted into sand, the edges more or less rounded, and there results 
the aqueo-organic subtype of sand*® (see figure 3, plate 46). 


* Hinde and Fox: On a well marked horizon of radiolarian rocks, etc. Quarterly 
Journal of the Geological Society of London, vol. li, 1895, p. 609. Also Evans: Mechan- 
ically formed limestones from Junagarh and other localities, vol. lvi, 1900, p. 576. 

% Murray and Renard: Challenger report on deep sea deposits, 1891, pp. 239 and 387. 
Also 

Clark: Annual Report of the State Geologist of New Jersey for 1892, part ii, 1893, 
p. 218. 
Diller: Bulletin No. 150, U. 8S. Geological Survey, 1898, p. 63. 

*® Davis: A contribution to the natural history of marl. Journal of Geology, vol. vill, 
1990, p. 485. Also vol. ix, 1901, p. 491. Geological Survey of Michigan, vol. viii, part 
lil, 1903, p. 65. 

* See Sorby in Proceedings of the Geological Society of London, vol. xxxv, 1879, p. 69. 
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The agency of vegetation in causing granular deposits in hot springs 
was first pointed out by Cohn in 1862, in the celebrated Carlsbad waters.*' 
The granules of calcium carbonate become gradually coarser, and are 
finally united into a compact bed of travertine. Seeley, in 1888, called 
attention te the close resemblance between odlitic granules and the inter- 
nodal grains of certain nullipores, and suggested this as a possible origin 
of some beds of odlite.#® The studies of Weed in the Yellowstone Na- 
tional Park led him to the same conclusion as Cohn concerning the origin 
of the calcareous formations about the Mammoth Hot Springs.** Pellets 
up to 1 millimeter in size form within the tissues of the alge and are 
finally cemented together and their outlines lost. The same cause was also 
found operating in the geyser regions, the plants being both alge and 
moss, and leading to the deposition of silicious sinter (page 665). Owing 
to the porous, incoherent, often mealy nature of these calcareous and 
silicious deposits, they are readily disintegrated again into sand and 
coarser fragments, giving rise to a residuo-organic subtype of sand. To 
the extent that calcareous tufa and travertine, deposited so commonly 
from ordinary spring water, may be found due to plant agency, these 
deposits would belong under this same division. 

Of essentially the same nature is the odlitic sand of Great Salt Lake, 
Utah, which was made the subject of study in 1891 by Rothpletz, of 
Munich, who concluded that the granules originated in the tissues of 
colonies of bluish-green alge (Glaocapsa and Gleothece) and are now 
forming.** Samples of this sand were studied and described by the pres- 
ent writer in 1899, and the conclusion reached that the Monroe odlites of 
southeastern Michigan must have had a similar origin.** The Salt Lake 
granules are well asserted, grayish white and mottled in color, about .3 to 
4 millimeter in diameter, the outer surfaces so smoothed and polished that 
they resemble porcelain, and made up of concentric layers of calcium 
carbonate, showing more or less radial arrangement. There is no nucleus 
of quartz or other mineral present but what appears as an organic core. 
Elongated, stick-like forms are mingled with the granules, straight or 
slightly bent, with rounded ends and otherwise resembling the granules 
themselves. Less frequently there occur much larger, flattened masses 


“Cohn: Die Algen des Karlsbader Sprudels, mit Riicksicht auf die Bildung des 
Sprudel Sinters; Abhandl. der Schles. Gesell., part fi, p. 35. 

“Seeley: On the origin of odlitic texture in limestone rocks. British Association for 
the Advancement of Science, Bath meeting, 1888, p. 674. 

“ Weed: Formation of travertine and siliceous sinter by the vegetation of hot springs. 
Ninth Annual Report of the U. S. Geological Survey, 1889, p. 619. 

“Rothpletz: Ueber die Bildung der Odlithe. Botanisches Centralblatt, vol. li, 1892, 
p. 267. Translation in American Geologist, vol. x, No. 5, 1892, p. 279. 

* Michigan Geological Survey, vol. vii, part i, 1900, p. 64. 
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of irregular shape, with tubercular surfaces (see figure 4, plate 46). 
Rothpletz reached the conclusion that 


“The odlites of the Great Salt Lake are, therefore, indubitably the product of 
lime-secreting fission-algze, and their formation is proceeding day by day. 

According to the present stage of my researches, I am inclined to believe that 
at least the majority of the marine calcareous odlites with regular’ zonal and 
radial structure are of plant origin: the product of microscopically small alge 
of very low rank, capable of secreting lime.” 


Wethered had ascribed a similar origin to pisolitic granules from near 
Weymouth, England, some three years earlier, attributing them to the 
action of a tubular organism Girvanella.** In 1895 this same author 
presented to the Geological Society of London a paper entitled “The for- 
mation of odlite,’”** in which the organic origin of odlite was advocated. 
Weed suggests, in the way of explanation of the deposition of calcium 
carbonate by green plants (loc. cit., page 642), that their withdrawal of 
carbon dioxide (for photosynthesis) from the water would reduce its 
ability to retain the carbonate in solution and lead to its deposition. 
This explanation seems plausible, but does not explain the silica-secreting 
power of other plant forms, and leaves the question in doubt. Odlitic 
granules oceur in which the caleium carbonate has been replaced by silica, 
dolomite, or iron oxide,*® and all belong under this subdivision of sands, 
since the form of the granules, aside from the composition, is still due to 
the original organic agency. 

When any of the various varieties of organically produced sands are 
subjected to wind action, wolian deposits may be formed similar to those 
already described. Furthermore, the same kind of changes would occur 
in the component granules, so far as the nature of the material would 
permit. The odlitic granules, already so perfectly rounded, would lose 
their polish and simply suffer reduction in size. Such sands would con- 
stitute the subtype of wolo-organic, interesting examples of which are 
known—as those of the Bermuda and Bahama coasts, described by Nel- 
son.*° On the former island great dunes occur, some 200 feet in height, 
composed of fragments of corals, shells, etcetera, and the products of 


4“ American Geologist, loc. cit., pages 280 and 282. 
4? Wethered: On the microscopic structure of the Jurassic pisolite. Geological Maga- 
zine, 1889, new series, vol. vi, p. 196. 

* Quarterly Journal of the Geological Society, vol. li, 1895, p. 196. 

* Goodchild: The origin of hematite. Transactions of the Cumberland and West- 
moreland Association, No. viii, 1883, p. 117. 

% Nelson: On the geology of the Bahamas and on coral formations generally. Quar- 
terly Journal of the Geological Society of London, vol. ix, 1853, p. 200. Bermudas de- 
scribed in Transactions, ser. 2, vol. v, part i, 1837, p. 103. See also Darwin’s “Corals 
and coral islands,” 1872, pp. 152 to 156, 
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6). lime-secreting plants. Portions are so firmly cemented into a coquina- 
ceous sandrock as to be utilizable for building purposes. The Bahamas ‘ 
t of furnish similar deposits; also the shores of the Red and Arabian seas. ‘ 
-. The southwestern coast of Galway, Ireland, contains low dunes made up 
~ largely of foraminiferal material, with other calcareous fragments, de- 
“se scribed. by Evans, along with other similar deposits.** The author con- ‘ 
sidered that the Great Odlite formation (Jurassic) of England had re- ; 
sulted from the accumulation of wind-blown odlitic granules, interbedded ‘ 
ear with littoral deposits (page 580). 
the 
10r CONCENTRATION SAND TYPE 
or- 
ed, This term, perhaps not the happiest that can be found, is used to % 
im designate a type of sand resulting from the concentration of solutions _ 
of by evaporation, or by chemical action whereby the same result is achieved. 
its From this method of formation the material will be generally crystalline a 
n. in structure, the growth taking place from within, outward about a cen- ia 
ng ter, so that the connotation of the term selected for the type is not in- 
tie appropriate. In this manner of formation the concentration granules 
“a, are distinguished from all other types, except certain ones belonging to ! 
ls, the organically formed division. When these minerals are deposited in x 
to granular condition, or reduced to such, they may be collected by wind “ 
action and form extensive deposits in arid regions. Near Alamogordo, 
re New Mexico, there occurs an immense deposit of gypsum sand reported ‘ 
se to he some 300 square miles in area. A sample shows it to be practically 4 
.T pure gypsum, of creamy white color, the granules being very generally : 
ld rounded, but where broken along the cleavage planes showing fresh edges 
se (see figure 5, plate 46). Crushed between the fingers it is reduced to 
- fine, angular fragments. These deposits have been ‘recently figured and 
re described by MacDougal in publication No. 99 of the Carnegie Institu- ‘ 
|- tion, 1908, page 11, and a chemical analysis given. In the paper just 
t, referred to by Russell smaller but similar gypsum dunes are mentioned 
i as located near Fillmore, Utah. Deposits of salt in granular condi- 4 
tion may form in arid regions around the margins of salt lakes, such as 7 
e “Evans: Mechanically formed limestones from Junagarh and other localities. Quar- 
terly Journal of the Geological Society of London, vol. lvi, 1900, p. 559. This paper 7 
contains a full list of references treating of wolian action on calcareous fragmental 7 ; 
t- deposits. See also, in same volume, Chapman’s paper, “Notes on the consolidated 
wolian sands of Kathiawar,” p. 584. In a paper entitled Subaérial deposits of the arid 
iq region of North America, Russell mentions low dunes in the Carson Desert of Nevada 
: made up entirely of casts of a small crustacean—Cypris. Geological Magazine, new 


series, vol. vi, 1889, p. 289, 
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that described by Darton in New Mexico.*? It is possible that it might 
be locally accumulated into heaps of salt sand by wind action, although 
this result would be resisted by the attraction that the salt has for 
moisture. A similar occurrence of epsomite (magnesium sulphate) has 
been noted in California by Major Emory,** and that of mirabilite (so- 
dium sulphate) by Talmage about Great Salt Lake, resulting from a 
lowering of the temperature.** It seems probable that granular deposits 
might also be similarly formed of numerous other minerals, more or less 
soluble in water, such as borax, alum, magnesite, chloromagnesite, thino- 
lite, dolomite, aragonite, calcite, etcetera. 

To the extent that the deposition of calcareous tufa, travertine, and 
silicious sinter results from the relief of pressure, loss of carbon dioxide, 
cooling or evaporation, combined with the vegetable agencies enumerated, 
we have a deposit of the organo-concentration subtype which might be of 
granular texture or easily reducible to such. If there are odlites formed, 
as described by Sorby,®* by “the original deposition of calcite round 
nuclei gently drifted along by currents of the ordinary temperature, 
which caught up more or less of the surrounding mechanical impurities,” 
such a result could be secured only in a concentrated, and hence over- 
saturated, solution of calcium carbonate. Our classification would thus 
separate the organically formed odlites from those due to over-saturation, 
as it very obviously should do, providing there is this essential difference 
in their mode of formation. The o@litic iron ore of the Clinton forma- 
tion of New York is regarded by Smyth as not due to the replacement of 
caleareous granules by iron oxide, but to the formation of original de- 
posits of silica and oxide concentrically about rounded grains of quartz 
as nuclei. This mode of origin, without the agency of vegetation, would 
demand a certain degree of concentration of the solution furnishing the 
materials.** <A silicious odlite from Center County, Pennsylvania, has 


Darton: Zuni salt deposits. Bulletin No. 260, U. S. Geological Survey, 1905, p. 
565. See further, “Lake Bonneville,” by Gilbert, Monograph I, U. S. Geological Sur- 
vey, 1890, pp. 208 and 257, and “A description of the Salt Lake of Larnaca, in the 
Island of Cyprus,” by Bellamy. Quarterly Journal of the Geological Society of London, 
vol. Ivi, 1900, p. 745. 

53 American Journal of Science, 2d ser., vol. vi, 1848, p. 389. 

% Talmage: The waters of Great Salt Lake. Science, vol. xiv, 1889, p. 446. 

55 An interesting discussion of the subject of chemical concentration will be found in 
Russell's presidential address, prepared for the Geological Society of America in 1906, 
“Concentration as a geological principle.’ Bulletin of the Geological Society of Amer- 
ica, vol. 18, 1907, p. 12. See also his monograph on Lake Lahontan, U. 8. Geological 
Survey, No. xi, 1885, from p. 182, and following. 

% Proceedings of the Geological Society of London, vol. xxxv, 1879, p. 75; see also 
“Mechanically formed limestones from Junagarh and other localities,” by Evans, vol. 
lvi, 1900, p. 559. 

American Journal of Science, 3d ser., vol. xliii, 1892, p. 487. Reviewed in Ameri- 
can Geologist, vol. x, 1892, p. 122. 
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been described by Hovey as consisting of fibrous chalcedony about quartz 
fragments or aggregations of very fine sand particles, the concentric de- 
posits taking place about the nuclei in hot silicious waters.” 

This would seem the proper place to describe a type of sand resulting 
from the secondary enlargement of quartz grains formed by any of the 
preceding agencies. About the original granule as a nucleus a shell of 
crystalline silica is deposited in optical continuity with that of the orig- 
inal grain, giving sharp, fresh crystal facets and edges and generally 
showing the double, pyramidal terminations (see figure 6, plate 46). 
This condition of the Sylvania granules was recognized as early as 1840 
by Bela Hubbard, assistant on the Michigan Geological Survey,®® but 
without any attempt at explanation. This was probably the first recog- 
nition in this country of this type of sand grain, although it had been 
earlier noted in Europe by numerous observers and generally regarded 
as of chemical origin. Sorby described similar grains in 1880 from the 
New Red Sandstone of Penrith, England, and noting the impressions 
due to the interference of contiguous grains, concluded “that the depo- 
sition of crystalline quartz took place after the nuclei were deposited as 
a bed of normal sand” (page 63). Similar grains were described and 
figured by Irving from the Huronian, Potsdam, and Saint Peter forma- 
tions of Minnesota, Wisconsin, and Michigan,“ and the importance of 
this action pointed out in the transformation of sandstones into quartz- 
ites (page 224). Subsequently a paper on the subject of secondary en- 
largement of quartz grains was presented to the Geological Society of 
London by Wethered.** The secondary silica he regarded as having been 
“extracted from solution by the molecular affinity between the silica of 
the detrital quartz and the silica in solution” (page 196). A later refer- 
ence to the subject and some clear figures will be found in Van Hise’s 
“Treatise on metamorphism”** (page 619). All who have written on 
the subject since the paper of Sorby was presented are agreed that the 
growth of the granules has taken place in situ from water carrying silica 
in solution and presumably move or less concentrated. The widespread 
character of the phenomenon and the conversion of so many sandstones 


* American Geologist, vol. xiii, 1894, p. 223. 

%* Third Annual Report of the State Geologist, 1840. House Document No. 27, vol. il: 
Senate Document No. 7, vol. ii; also separately, No. 8. 

® Proceedings of the Geological Society of London, vol. xxxvi, 1880, p. 62. 

* Fifth Annual Report of the U. S. Geological Survey, 1885, p. 218. This paper con- 
tains a list of references to the literature of the subject. See also earlier paper by 
same author “On the nature of the induration in the Saint Peters and Potsdam sand- 
stones,” ete. American Journal of Science, 3d ser., vol. xxv, 1883, p. 401. 

“Quarterly Journal of the Geological Society of London, vol. xliv, 1888, p. 186. 

*§ Monograph XLVII, U. 8S. Geological Survey, 1904. See also American Geologist, 
vol. xiii, 1894, p. 225, for short article by Calvin. 
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into quartzites through the operation of the process give it great geolog- 
ical importance, 


APPLICATION TO THE SYLVANIA SANDSTONE 


Having thus presented the criteria by which the seven main types of 
sand grains, with all the intermediate subtypes, may be recognized, it 
will be of interest to make an application of the principles to a specific 
case. ‘The formation selected is the Sylvania sandstone, first very briefly 
described by the early Michigan and Ohio surveys, and then more fully 
by Orton®* and the present writer."° The formation was supposed for 
many years to represent the Oriskany in the Lake Erie region, but is now 
known to be of mid-Monroan (Silurian) age, separating the lower dolo- 
mites from those of the upper division. In a bulletin about to be issued 
by the Michigan Geological Survey, treating of the Monroe Formation, 
prepared by Prof. A. W. Grabau and the writer, the results of detailed 
studies of this bed will be presented. Only those features need be men- 
tioned here which throw light on the origin of the granules and the 
method of their accumulation. The sandrock is a remarkably pure, in- 
coherent, snow-white aggregation of quartz granules in crystalline condi- 
tion. Practically the only other minerals present have been secondarily 
introduced, such as calcite, dolomite, iron oxide, and additional silica, 
and the sand when washed can be utilized in the manufacture of high- 
grade glass. The granules are under a millimeter in diameter, and in 
the case of 14 samples studied at the Michigan Agricultural College 
averaged .2 to .4 millimeter. In certain samples the assorting is sur- 
prisingly perfect (see figure 6, plate 47), and in all cases the granules 
are rounded, continuing down to those under .1 millimeter (see figures 
3 and 4, plate 47). 

From this much of the description, by a process of elimination we 
may begin to locate the type of sand with which we are dealing. On the 
basis of the form and assortment of the granules we may at once rule out 
the glacial, residual, and much of the voleanic types, while on the basis 
of composition and crystalline condition the organic and remainder of 
the voleanic would be stricken out. Many of the grains show secondary 
enlargement (figure 6, plate 46), with perfect crystal facets and sharp 
edges, giving the sand a fresh, sparkling appearance. There is no evi- 
dence of erosion subsequent to the deposition of the secondary silica, and 
when embedded in a dolomite matrix, as in the case of one bed, the silica 


™ Ohio Geological Survey, vol. vi, 1888, p. 18. Also vol. vii, 1893, p. 17. 
® Geological Survey of Michigan, vol. vii, part I, 1900, p. 53. 
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of the granules shows the imprints of the microscopic rhombohedrons of 
the dolomite, thus proving that the enlargement of the original quartz 
granules took place in situ. This phenomenon indicates that we have 
had the principle of concentration, operating on either an aqueous or 
wolian type of granule—but which? There’s the rub!—and there is so 
much of it in evidence that a decision can be reached with reasonable 
certainty. When not secondarily enlarged the Sylvania granules are 
found to be all rounded, large and small, the rounding involving the read 
bodies of the grains and not confined to the edges and corners (see fig- 
ures 3, 4, 5, and 6, plate 47). The surfaces of the coarser granules are 
very characteristically frosted and pitted to an extent seen only in desert 
sand. Indeed, this sand in its purity, degree of rounding, and assort- 
ment has attained a degree of perfection that is being constantly ap- 
proached, but never attained by any known modern example. It out- 
Saharas the Sahara! This perfected character of the Sylvania granules 
can be understood when the probable history is known, a lengthy and 
repeated buffeting with wind and wave, with no opportunity for the ac- 
cession of new material and with a mineral substance inert to residual 
action. The studies on the Escambia, Santa Rosa, and Palm Beach sands 
of Florida indicate that the elimination of minerals other than crystal- 
line quartz may be quite as perfect for aqueous sand as for xolian (figure 
4, plate 44), but that there is developed a plainly different type of 
granule. 

Search must be made for field evidence, confirmatory or otherwise, of 
the hypothesis of the wolian origin of the Sylvania deposit. In the way 
of confirmation it may be said that there is an irregular stratification indi- 
cated in all the exposures, the strata changing materially in thickness 
within short distances; the cross-bedding is general and pronounced, the 
steeper angles observed ranging from 28 to 32 degrees. In places the 
cross-bedded layers, when followed downward, are seen to curve around 
and become tangent to the stratification, mentioned by Barrell on page 
642 of this paper, as characteristic of wolian deposits. Steeply inclined, 
oblique partings occur in the deposit, not conforming with the cross- 
bedding nor the stratification, which may represent, so far as they are not 
joints, the inclined surfaces of the dunes at various stages. Considerable 
irregularity in the thickness of the formation is to be noted within short 
distances. From the Ohio line northward into Michigan it grows thicker, 
becoming 288 feet thick at Milan, averaging in the Solvay wells at De- 
troit 93.5 feet, then disappearing rather rapidly and being represented 
by a silicious dolomite, from which the characteristic Sylvania granules 
may be extracted by the use of acid. A similar dolomite is found in the 
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Svlvania area embedded in the sandrock, carrying marine fossils, and 
may be explained as formed during a temporary encroachment of the 
sea, the granules being distributed through it by wave action or by winds 
from the neighboring lands. There is a general absence of cementing 
material in the main body of the Sylvania, except what has been second- 
arily introduced (figure 3, plate 47), and the rock is characteristically 
incoherent, crumbling readily in the fingers. At Rockwood, Michigan, 
the rock is disintegrated by water from a hose, and while in suspension 
pumped from the quarry. The assorting of the grains is marked, both 
horizontally over the area and vertically in the bed, and, excepting near 
the base at a few points, have any granules been observed that could not 
have been readily handled by the winds. Such gravelly material was 
reported in the Milan well,°* and in Sandusky County, Ohio, by Winchell, 
where the bed has thinned to but a foot and contains pebbles three- 
quarters of an inch in diameter.** This coarser basal deposit is to be 
expected, and may be interpreted as the beach deposit formed at the 
stage when the land was emerging from the sea and due to regressive 
overlap.“ Except for the bed of intercalated dolomite just mentioned, 
and a few inches of horizontal strata at the top, fogsils are entirely absent 
from the formation. That the sandrock was capable of retaining casts 
of fossils is shown by the fact that marine mollusca are abundantly indi- 
cated in the uppermost strata, combined with considerable carbonaceous 
material, presumably due to plant growth. This, again, we should ex- 
pect, since at the time of final submergence by the sea the sand would be 
rearranged by the waves and an opportunity offered for the introduction 
of animal and plant life. 

One further point remains to be noted. In discussing “Desert condi- 
tions in Britain,” in 1896, Goodchild considers all areas of “inland 
drainage” as representing desert conditions,®® and, based on figures of 
Murray,” estimates that such areas today, when compared with those of 
oceanic drainage, are about as one is to fourteen. From this we are led 
to inquire whether we should not expect to find in the strata of the earth’s 
crust, more frequently than is recognized (say one-twelfth to one-fifteenth 
as often as the marine), evidence of subaérial deposits. Such deposits, 
to be sure, are liable to be subsequently destroyed by wave action, will be 
relatively meager in bulk, and will not invite attention because of their 


* Annual Report of the Geological Survey of Michigan for 1901, p. 219. 

* Geological Survey of Ohio, vol. i, 1873, p. 603. 

* See Grabau: Types of sedimentary overlap. Bulletin of the Geological Society of 
America, vol. 17, 1906, p. 613. 

*® Edinburgh Geological Society, vol. vii, p. 203. 

” Quoted from Royal Scottish Geographical Magazine, vol. iii, p. 75. 
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paucity of fossils. Goodchild concludes, “with a tolerable amount of 
certainty, that any sandstone largely composed of well rounded grains of 
sand represents a desert sand, and was formed under arid conditions, on 
a land surface” (page 211). Accordingly he assigns such an origin to 
the Torridon, Old Red, and New Red sandstones of Great Britain. 

In the Lake Erie region the open-sea conditions of the Niagara period 
were succeeded by those under which there was deposited extensive beds 
of sult and gypsum, marking the Salina formation and indicating, it is 
believed, a period of great dessication and aridity of climate,”’ but with 
no suggestion of actual emergence of the land. Following the Salina 
deposits, there succeeds those of the lower Monroe, formed of compacted 
gypseous, dolomitic slime, free from land detritus, becoming character- 
istically brecciated, and sometimes conglomeritic, showing ripple-marks, 
mud cracks, carbonaceous matter, and beds of odlite essentially like that 
forming about the shores of Great Salt Lake. This certainly indicates a 
shallowing of the sea at mid-Monroan time and probably a continuation 
of the arid conditions.**? The upper Monroe series shows shallow sub- 
mergence again, passing into the clear, open-sea conditions of the Cor- 
niferous. There is thus furnished conclusive evidence of a general move- 
ment in lower Monroe time foward emergence of the land and in upper 
Monroe time away from emergence. If there is any one place in the 
geological scale of this region, then, where we may reasonably expect sub- 
aérial deposits to be found, it is in mid-Monroan time, and here occurs 
the singular deposit of pure quartz sand, difficult, indeed, to account for 
on any other than an exolian hypothesis. 

A careful search has been made for field evidence that could not be 
reconciled with the wolian hypothesis, but so far nothing has been found. 
Criticisms have been invited from those familiar with the formation, and 
the following received: If there was a shore near, should there not occur 
in the sand elastic grains of dolomite, this being the rock on which the 
deposit rests? Why did not the land surface contribute other material 
than quartz to the Sylvania formation? Why is the Sylvania not some- 
what red, as in the case of desert sands today? As to the first of these 
three queries, it may be said that such clastic grains, if introduced, would 
be relatively small in amount and soon be ground to powder, in the same 
way that the Portland cement “cinder” is reduced between quartz peb- 
bles. In this condition it would be removed by wind action or by perco- 
lating water in solution, traces of which are abundant in the bed, but 
probably of much later introduction. Concerning the second question, 


See Lane in vol. v, Michigan Geological Survey, 1895, part ii, p. 28. 
7 Geological Survey of Ohio, vol. vii, 1893, p. 15. 
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it may be pointed out that there were no crystalline formations capable 
of supplying other minerals between the present deposits and their sup- 
posed parent bed. ‘Those materials that could have been thus supplied 
would have been reduced to powder and removed. Furthermore, after 
the land had once become mantled with the wolian formation, it would 
have been protected from further wind erosion. The reason for the de- 
posit of iron oxide over the granules of desert sand has not been fully 
explained. The most plausible explanation is that it results from the 
decay of iron-bearing minerals associated with the quartz. In the case 
of the red sands of the Arabian desert described by Phillips (see page 643 
of this paper), the sand is apparently stagnant, and there occurs an ex- 
ceptional amount of this oxide, very probably due to the better oppor- 
tunity for residual action. With no iron-bearing minerals present in the 
Sylvania to be decomposed, it is not clear how any oxide could be formed 
or expected. Just beneath the till covering of the bed the formation is 
generally thus stained to a depth of a foot or more, but due to perco- 
lating water from the recent deposit. 

So far as field data are available, the material making up the Sylvania 
formation seems to have come from the northwestward, and very probably 
was derived from the breaking down of the Saint Peter (Ordovician) 
sandstone of eastern Wisconsin,"* either by wave or wind action, or both, 
and swept to the southeastward by prevailing northwest winds during 
mid-Monroan (Silurian) time. This deposit is a very pure (about 
99 per cent) aggregation of rounded granules of crystalline quartz, very 
similar in appearance to the Sylvania, but of average coarser texture 
and containing a greater variety of original material (see figures 1 and 2, 
plate 47). Like the Sylvania, also, it is typically incoherent, readily 
crumbling in the fingers, and believed by Berkey to have been itself very 
largely an wolian formation.** Owing to this lack of binding material, 
the formation must have been readily disintegrated, and appears now in 
Wisconsin in fragmentary condition. ‘To the basal sandstones of the 
Lake Superior region Berkey looks for the origin of the bulk of the Saint 
Peter material (page 243), being “washed out by the retreat of the sea 
and thereby assorted, then worked many times over by the wind in the 
absence of the sea, and thereby still more perfectly assorted, and finally, 
in the readvance of the sea, much of it was again worked over a last 


7 For a description of this formation the reports of the geological surveys of Wis- 
consin, Minnesota (vols. 1 and 2), Iowa (vol. 1), and Illinois (vols. 3 and 5) may be 
consulted. Also Owen's Geological Survey of Wisconsin, Iowa, and Minnesota, 1852, 
and Eleventh Annual Report of the U. S. Geological Survey, 1892. 

% Berkey : Paleogeography of Saint Peter time. Bulletin of the Geological Society of 
America, vol. 17, 1906, p. 246. 
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time, thereby reaching its present remarkable condition of purity” (page 
246). Derived from such a parent bed and inheriting such character- 
istics, the perfection of the wolian granule as typified by the Sylvania is 
not so surprising, in comparison with which the Sahara sand is in but a 
state of infancy. (Compare figures 3 and 4, plate 45; figures 1 and 2, 
plate 46, and those on plate 47). 

In order to ascertain whether any evidence might be found in a study 
of the inclusions contained in the Sylvania and Saint Peter granules 
calculated to disprove, or render improbable the origin of the former 
from the latter, a half dozen samples of each formation were submitted 
to Prof. C. H. Smyth, Jr., of Princeton University; to Prof. C. P. Ber- 
key, of Columbia University, and to Dr. A. C. Lane, of Tufts College, 
for microscopic study. Through their kindness we are able to append 
the following statements : 


“I can find nothing in the way of inclusions that is distinctive, but merely 
the ordinary minerals and fluids of granitic and vein quartz. So far as I can 
see, there is nothing to show that the Sylvania is derived from the Saint Peter, 
while, on the other hand, there is no indication that it is not so derived. Thus, 
if you have other lines of evidence indicating such derivation, the inclusions 
in the quartz grains do not, so far as I can see, give any conflicting testimony. 

“C. H. SMYTH, JR. 


“PRINCETON, New JERSEY, June 10, 1910.” 


“Before leaving home I mounted some of each sample of sand and looked 
them over with such care as I could. I must say that I can not see any differ- 
ence in the two great sources in anything that could be regarded as an essential 
character. Both show the same types of sources—-the quartz-bearing crystal- 
line rocks—and both show fine sorting and rounding; also both are much in- 
clined to show enlargement by addition of secondary quartz. I have not been 
able to undertake more elaborate Comparisons. It seems to me to be almost 
a hopeless task to prove very much in this direction for these reasons.” Both 
formations’ ultimate supply of materials must be traced back to the ecrystal- 
lines—the same or similar in origin, character, occurrence, distribution, and 
composition. If two grains side by side in the Sylvania were immediately de- 
rived—one from the Saint Peter and one from the crystallines direct—I don’t 
see any very good way of proving which was which. If one were more round, 
it might be assumed to be the Saint Peter one, but even that I am somewhat 


™It was not the thought of the writer that the origin of the Sylvania from the Saint 
Peter could be demonstrated from a microscopic examination of the grains of each for- 
mation, since, as pointed out by each of these investigators, they might have had a 
common but independent origin and simiiar history. With the field evidence, however, 
pointing to such origin, the writer was desirous of learning whether the granules them- 
selves furnished any evidence that would render such an hypothesis untenable. From 
the three reports given, the reader will note that no such contradictory evidence has 
been found, and such an origin for the Sylvania becomes possible. The probability of 
such an origin is an entirely different matter. 
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what afraid might occasionally have to be reversed. I have very little doubt 
myself of the successive derivations of sand from previous sands—the Saint 
Veter from the Basal sands and the Sylvania from both—but I doubt whether 
it can be proven by any means yet at hand. I have been in hope that we 
might find a grain showing two stages of history in some such way as this— 
(a) rounding and deposition, (¥) secondary enlargement, (¢) erosion and re- 
wearing of the edges cutting down the angles of the secondary growth, (d) 
redeposition. In such a case one might be able to see the fact of there having 
been a second period of wear on the grain, and | would consider such a thing 
conclusive. But I haven't found anything even suggesting it. 
“CHARLES P. BERKEY. 

“KetcuuM, Ipano, July 8, 1910.” 


“Great stress can not be laid on similarity of enclosures as to origin of sand, 
because a lack of similarity might be due to the introduction of some partial 
source, and, secondly, because similarity might be due to a common source. 
Ilowever, so far as the samples sent me are concerned, there is no reason why 
Sylvania might not be derived from the Saint Peter. In fact, the indications 
are that way so far as they are of value. Both are mainly quartz. In both 
(salt shaft base and Saint Paul, Minnesota) microcline or other feldspar rarcly 
occurs. In the Sylvania there are rhombs of Carbonate which are, however, I 
think, always on the outside. Quartz with hair-like needles of rutile are com- 
mon in beth. Lines of enclosures along planes, generally gas, apparently, but 
sometimes fluid, with occasionally gas bubbles (Sylvania, 7 miles north of 
Monroe, 7 feet down), also occur in both. Small enclosures which may be 
identified as apatite and zircon occur in both. Tourmaline occurs in brownish 
tinges, and some small, thin hexagonal folia, which may be biotite (Saint 
‘aul, about 10 feet below Trenton: Fitchburg, Wisconsin; Rockwood, 20 feet 
down). In one grain from the Missouri Saint Peter there seemed to be a knee- 
shaped crystal of rutile in quartz which I did not see elsewhere, and one grain 
of the basal salt shaft was a crystal with much higher refraction than sharp 
quartz, erystalline in form and colorless, which I did not identify. It may 
possibly be celestite. There were, of course, unidentifiable enclosures, but I 
saw nothing in one set of sands characteristically different from the other 
set of sands, nor was there anything in the way of grain such as hornblende, 
epidote, monzonite, or similar materials which might serve as a characteristic 
difference. 
“A. C. LANE. 

“TurtTs CoLLEGE, MASSACHUSETTS, June 2, 1910.” 
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EXPLANATION OF PLATES 
PLATE 43.—Types oF SAND GRAINS 


Figure 1.—Glacial Sand from the Mer-de-Glace, Switzerland. (X 20%.) 


Sharp, fresh, angular fragments, with but slight traces of 
weathering and very little of wear. Composition various, poorly 
assorted. Seen by reflected light. Collected by the author. 


Figure 2.—Sand washed from Wisconsin Till, Ypsilanti, Michigan. (X 2014.) 


Similar to figure 1, but showing evidence of both wear and 
weathering. Apparently an admixture of glacial, aqueous, resid- 
ual, and possibly zolian types. Reflected light. Collected by the 
author. 


Figure 3.—Volcanic Sand of the angular Variety, showing no Erosion. 
(X 14.6.) 
Fragments glassy, vesicular, with flowage lines. Hawaii. Re- 
ceived from Dr. G. P. Merrill, U. S. National Museum. Viewed 
by transmitted and reflected light. 


Ficure 4.—Volcanic Sand of the rounded Variety resulting from either Erosion 
or @ plastic Condition of the Material. (xX 14.6.) 
Slaggy and glassy. Mount Pelee eruption of 1902. Collected 
by Prof. T. A. Jaggar, Jr. Transmitted and reflected light. 


Figure 5.—Residual Sand from Diabase, Medford, Massachusetts. (x 14.6.) 


Granules angular and much weathered; rasted and more or 
less opaque. Detached crystals near center. Signs of erosion 
wanting. Supplied by U. S. Geological Survey. Reflected and 
transmitted light. 


Figure 6.—Residual Sand from Diabase, Brighton, Massachusetts. (x 14.6.) 


Similar to figure 5, but of coarser texture. Supplied by Michi- 
gan State Normal College. Reflected and transmitted light. 
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44.—TyPes oF SAND GRAINS 


Figure 1.—Aqueous Sand, Mouth of the Tiber, Italy. (X 2014.) 
Granules assorted; fresh, angular, but with corners and edges 
rounded. Various composition. Collected by Prof. B. L. D’Ooge. 
By reflected light. 


Figure 2.—Aqueous Sand, Shore of Lake Huron, Kincardine, Ontario. 
(X 20%.) 
Very similar to figure 1. Collected by Prof. M. S. W. Jefferson. 
Reflected light. 


Figure 3.—Aqueous Sand, Atlantic Coast, Marthas Vineyard, Massachusctts. 
(X 20%.) 

Granules fresh and subangular, but more rounded than figures 

1 and 2. Collected by Prof. M. S. W. Jefferson. Reflected light. 


Figure 4.—Aqueous Sand, Atlantic Coast, West Palm Beach, Florida. 
(X 20%.) 
Granules well assorted; pure, crystalline quartz; much worn. 
but still subangular. Extreme type of aqueous sand. Supplied 
by E. E. Free, U. S. Bureau of Agriculture. Reflected light. 


Figure 5.—Aqueous Sand, shore of Lake Michigan, Holland, Michigan. 
(X 20%.) 


Coarse, fresh, well assorted as to size; varied composition. All 
granules show erosion, the two well rounded ones below the cen- 
ter having probably been exposed to wind action as well as water. 
Collected by Prof. M. S. W. Jefferson. Reflected light. 


Bolo-aqueous Subtype of Sand, from Dune, Holland, Michigan 
(near Figure 5 Sample). (X 20%.) 


Figure 6. 


An aqueous type of sand being modified by the wind. Note the 
character of the bean-shaped granule just southeast of the center. 
Collected by Prof. M. 8S. W. Jefferson. Reflected light. 
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45.—Types oF SAND GRAINS 


Figure 1.—Holo-aqueous Subtype of Sand; Dune, Lake Michigan Shore, Mus- 
kegon, Michigan. (X 20%.) 

Rather fine, well assorted, quartz predominant; wind action in- 
dicated by tendency toward the subspherical, away from the sub- 
angular outline. Collected by Prof. M. S. W. Jefferson. Reflected 
light. 


Figure 2.—olo-aqueous Subtype of Sand; Dune, Pacific Coast, near San 
Francisco, California. (X 20%.) 


Closely related to figure 1; approaching the wolian type; indi- 
cated by well rounded outlines. Supplied by the U. S. Geological 
Survey. Reflected light. 


Figure 3.—A@olo-residual Subtype of Sand, from near Cairo, Egypt. (xX 2014.) 


Poorly assorted as to size; quartz predominant. The coarser 
granules are smoothed and rounded, three having been reduced to 
almost perfect spheres. The finer material has been less affected 
and remains subangular to angular. Collected by Prof. B. L. 


D’'Ooge. Reflected light. ‘ 
Figure Subtype of Sand, from Gizeh, Egypt. (xX 20%.) a 
Well assorted; quartz predominant. Granules subangular to 


subspherical, with frosted and pitted surfaces. Collected by Mrs. 
Julia A. Sherman. Reflected light. 


Figures 5 anp 6.—Desert Sand from near Albuquerque, New Mevico. 


Showing general similarity with figure 4. If derived by wind 
action on a residual sand the subtype is xeolo-residual. It is not 
improbable that some is also solo-aqueous. Collected by Dr. 
A. C. Lane. Reflected light. 
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PLATE 46.—Types OF SAND GRAINS 


Figure 1.—Avolo-residual Subtype of Sand, Libyan Desert. (X 20%.) 


Texture medium to fine; mainly quartz. The finer material is 
an admixture of well rounded and angular particles. The coarser 
granules are subangular to subspherical, and show the dulled 
surface and characteristic pitting of figure 2. Collected by Dr. 
Johannes Walther. Reflected light. 


Figure 2.—The coarser Granules mechanically removed from Sample from 
which Figure 1 was taken. (X 20%.) 


The prominent grains are about 1 millimeter in diameter and 
have their upper surfaces focused on in order to show the charac- 
teristic dull surface (referred to as “frosted”) and the pitting, 
neither of which are seen in typical sand of any other variety. 


Figure 3.—Aqueo-organic Subtype of Sand from Rovigno, Adriatic Sea. 
(X 14.6.) 


Shells of foraminifera, mollusca, and miscellaneous calcareous 
fragments from other organisms. Partially broken and rounded 
by water action, both mechanical and chemical. Supplied by the 
University of Berlin. Reflected light. 


Figure 4.—Odélitic Sand, organic Type; Garfield Landing, Great Salt Lake, 
Utah. (X 14.6.) 
There are shown the spherical, rod-like and irregular, or “tuber- 
cular” types of granules, with numerous connecting forms. Col- 
lected by Prof. I. C. Russell. Reflected light. 


Figure 5.—Gypsum Sand, “concentration Type,” near Alamogordo, New 
14.6.) 

Granules well assorted, almost entirely white gypsum, and 
rounded except when freshly cleaved, when straight edges and 
more or less sharp angles are seen. Collected by Ray I. Clink. 
Reflected light. 


Figure 6.—Seeondarily enlarged pure Quartz Sand from the Sylvania Forma- 
tion; Pit of National Silica Company, Monroe County, Michigan. 
(X 20%.) 


Classified as “concentro-eolian” subtype; a rounded eolian 
granule with a doubly terminated quartz prism formed about it. 
Collected by the author. Reflected light. 
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PLaTE 47.—TyYPEs OF SAND GRAINS 


Figure 1.—Saint Peter Sand Granules, Ordovician Age; Saint Paul, Minne- 
sota. (X 20%.) 


Well assorted, pure quartz; zolian type, probably derived from 
water-shaped granules. Supplied by Prof. C. P. Berkey. Re- 
flected light. 


Fieure 2.—Same as Figure 1, but of average coarser Texture; Minneapolis, 
Minnesota. (X 20%.) 


More of the subangular variety of granules shown, and some 
indicating secondary enlargement. Supplied by Prof. C. P. Ber- 
key. Reflected light. 


Figure 3.—Sylvania Sand Granules, Silurian Age; Pit (near Top) National 
Silica Company, Monroe County, Michigan. (xX 2014.) 


Well assorted and rounded, pure quartz; wolian type. The finer 
specks between the granules represent small rhombohedrons of 
dolomite secondarily introduced. Verfect rounding in granules 
1/10 millimeter and less in diameter. Collected by the author. 
Reflected light. The Saint Peter is regarded as the most probable 
source of the Sylvania. 


Figure 4.—Sylvania Sand, coarser average Texture than Figure 3, Detroit 
Salt Shaft, near Top. (X 20%.) 


Finer specks of dolomite between granules, and not original. 
Collected by the author. Reflected light. 


Figure 5.—Sylvania Granules, from small concretionary-like Pellets, disin- 
tegrated by use of Acid; Pit National Silica Company, Monroe 
County, Michigan. (X 20%.) 


In such pellets the assorting of the granules is least perfect. 
Collected by the author. Reflected light. 


Ficure 6.—Sylvania Granules, from Pit of the American Silica Company, 
Rockwood, Michigan (4 Feet from Top). (X 20%.) ; 


This assorting was entirely natural, and, combined with the 
remarkable rounding, is the most perfect specimen of wolian sand 
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seen by the author. It may be regarded as the extreme toward 
which desert sands are slowly working. The granules are all 
quartz and coarser than the average Sylvania. Collected by the 
author. Reflected light. 
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DEFINITION AND PREVIOUS DESCRIPTIONS 


The name “rock stream” as a geologic term has been in use but a very 
short time, having been first employed by Whitman Cross and Ernest 
Howe in connection with certain very remarkable accumulations of rock 
debris described by them in the Silverton Folio (Colorado),? which was 
published in 1905. These rock-debris masses were found only on the 
floors of glacial cirques at the head of the valleys and presented features 
strikingly different from ordinary talus slopes. To quote the above 
named authors : 

“The most striking of these masses, and those to which attention was first 
directed, closely resemble debris-covered glaciers at the heads of the basins or 
cirques in which they occur. The surfaces are hummocky and uneven, de- 
pressions that strangely simulate crevasses frequently occur, and concentric 
ridges and depressions are often seen at the end of the accumulations, which 
are abrupt and have steep faces often rising 100 feet or more above the floor 


1 Manuscript received by the Secretary of the Society October 29, 1910. 
*U. S. Geological Survey, Geologic Atlas, Silverton Folio (No. 120), p. 25. 
(663) 
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of the cirque. This may be clean or may be covered by a thin, disordered 
sheet of bowlders and soil. . . . All of the accumulations of the sort just 
described impress one with a sense of motion, looking as if they had flowed 
as do viscous masses, and were still advancing from the head walls of the 
cirques downward. So noticeable was this that in the field they were spoken 
of as ‘rock-glaciers’ and upon the map receive the name ‘rock streams.’ ” 


The striking differences between these rock streams and ordinary talus 
slopes on the one hand and landslides on the other hand were plainly 
brought out by the above named authors. Although some of the less 
marked rock streams were not so clearly distinct from talus slopes, the 
larger ones were considered to be of distinctly glacial origin. At the 
same time it was recognized that they could not be accounted for by the 
ordinary action of alpine glaciers. In order to account for the remark- 
able quantity of coarse material composing them and for the fact that, in 
their opinion, the material must have been carried along by glacial ice, 
it was suggested that, during the period of glacial retreat, after most of 
the ice in the high glacial cirques had disappeared, and only local glaciers 
of very small extent remained, landslides occurred at the steep-walled 
heads of the glacial cirques, and the material thus precipitated upon the 
diminishing glaciers was carried downward by the slowly moving ice and 
left eventually in stream or moraine-like masses. 

Subsequent investigation by the same authors has revealed the pres- 
ence of many more such rock streams in other portions of the San Juan 
Mountains, and mention of them is made in the Ouray and Needle Moun- 
tain folios of the U. S. Geological Survey. 

Observations made by the writer in different parts of Colorado, but 
more especially the discovery of some very beautiful rock streams on 
Veta Peak during the summer of 1909, convinced him that such phenom- 
ena are not as rare as might be supposed from the fact that they have 
only recently been recognized as a distinct topographic feature. It was 
also very clear from the conditions surrounding the Veta Peak rock 
streams that glacial action is by no means necessary for their develop- 
ment. 

That the above-named authors have had reason to change their former 
views as to the origin of the San Juan rock streams was made known to 
the writer while he was engaged in the preparation of this paper by the 
arrival of the advance copy of Mr. Ernest Howe’s paper, “Landslides in 
the San Juan Mountains, Colorado.”* In this beautifully illustrated 
and extremely interesting paper there is described at some length the 
various landslides in the San Juan Mountains and included in these phe- 


*U. S. Geological Survey, Professional Paper No. 67. 
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nomena are the rock streams. He refers at some length to the descrip- 
tions of the great landslides at Elm, in the Alps, and at Frank, on the 
line of the Canadian Pacific Railway, draws comparisons between them 
and the San Juan rock streams, and concludes as follows: 

“The striking similarity that the Frank landslide bears to so many of the 
San Juan rock-streams can leave the origin of these latter deposits open to no 
doubt. Although it is not impossible that ice may have played an important 
part in their formation, the writer believes that they are strictly landslides 
and owe their present form entirely to the nature of their fall and to the 
character or physical condition of the rocks involved in the fall.” 


DESCRIPTION OF VETA PEAK 


Veta Peak, also called Veta Mountain, lies in Huerfano County, in the 
southern part of Colorado, about 12 miles northwest of the town of La 
Veta. To those traveling over the Denver and Rio Grande Railway 
from Pueblo into the San Luis Valley via La Veta and the Veta Pass 
this mountain appears as a very conspicuous, steep-sided cone. The old 
narrow-gauge line of the Denver and Rio Grande Railway, now aban- 
doned, formerly followed up the South Veta Creek to the very base of 
Veta Peak. The present broad-gauge line keeps farther to the south, 
but from La Veta up to the pass affords a splendid view of this very 
conspicuous mountain. The mountain is really not a single conical 
peak, as it appears to be when seen from the southeast, but a more or less 
irregular ridge having a general northwesterly trend and divided into 
two distinct summits by a deeply cut notch. These two summits are 
called respectively North Veta Peak and South Veta Peak. These peaks 
consist entirely of igneous rocks in the form of great dikes cutting Car- 
boniferous rocks. The South Veta Peak, on the west side of which lie 
the rock streams under consideration, is composed of a light gray, re- 
markably uniform porphyry that is entirely free from visible pheno- 
crysts. This rock is of a light gray color and weathers whitish. It has 
a dull stony luster and breaks into flattish slabs with a slight tendency 
to conchoidal fractures. It is medium to fine grained, but never flint- 
like in texture. It has been called a granite felsophyre by R. C. Hills,* 
and shows a strong tendency to break up into angular fragments under 
the influence of frost. Although the porphyry mass that forms the 
mountain rises a thousand feet or more above the sedimentary base, 
nowhere is the porphyry to be seen forming a solid ledge except where it 
has been recently exposed by a landslide. The elevation of the mountain 


*U. S. Geological Survey, Geologic Atlas, Walsenburg Folio (No, 68), p. 4. 
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is about 11,600 feet. At the west foot of the ridge flows a small stream, 
the South Veta Creek. The ridge is extremely precipitous on this side 
and the creek has cut a deep valley that lies some 2,500 feet below the 
crest of the ridge. 

Veta Peak stands quite isolated from the main range of the Sangre de 
Cristo divide, over which the railway passes to the west. It is absolutely 
devoid of vegetation on the higher parts, although a heavy growth of 
timber is to be seen covering Carboniferous rocks lower down the slope. 

On the western slope of this ridgelike peak occur two very pronounced 
rock streams that started as landslides from the crest of the ridge and 
ended below in tonguelike extensions that present in the most marked 
fashion evidences of streamlike motion. While these streams started 
from contiguous portions of the ridge they terminated in streams whose 
lower ends are about a mile apart. 

These rock streams were investigated by the writer in the fall of 1909. 
At first he was not aware that there were two streams, so that almost the 
entire available time was put in a study of the north rock stream, as 
this was the first to be discovered. It was not until the day was far spent 
and no time remained for a detailed study that the second or southern 
rock stream was discovered. For this reason the south rock stream must 
be allowed to pass with but brief mention and the detailed description be 
limited to the north rock stream. i 


DESCRIPTION OF THE NortH Rock STREAM 


GENERAL CHARACTERISTICS 


This rock stream differs very materially from all those described by 
Cross and Howe, first, in that the lower and more pronounced portion of 
the stream is not found on an open and flat floor, but is confined to the 
bottom of a narrow and sharply defined valley; and, second, in that it is 
a stream formed by the union of two distinct tributaries. Nothing can 
he more striking or, to a geologist, more startling than a first view of this 
rock stream as seen from a high level on the west side of the valley of 
South Veta Creek. The valley runs at this point approximately north 
and south and parallel to the crest of the peak. The rock stream occu- 
pies the bottom of a lateral valley that runs diagonally down from the 
north end of the peak at a point close to the notch. The sides of the 
lateral valley are composed of dark red shales and sandstones of Carbon- 
iferous age, more or less obscured in places by a scanty growth of pines 
and bushes. But the color of these red rocks stands out in sharp con- 
trast with the comparatively white color of the rock stream in the bottom 


i 


667 


CHARACTERISTICS OF THE NORTH ROCK STREAM 


of the valley—a contrast made all the more effective because of the com- 
plete lack of vegetation on the rock stream itself. Not even the presence 
of glacial ice in the Alps extending far down below the snow line and 
into the forested regions of the lower valleys is more striking in the way 
of contrast than this tongue of white porphyry fragments running far 
down into the region of red Carboniferous shales. In fact, the resem- 
blance to a glacier is most surprising, a resemblance that is heightened 
by a study of the detailed structure of the rock stream. 

In plate 48, figure 1, is seen a view of this rock stream as taken from 
the west side of the main valley and at a level some 500 feet above the 
base of the rock stream. To the left of the notch is North Veta Peak 
and to the right of the same is South Veta Peak. In plate 48, figure 2, 
is seen a nearer view of the same rock stream taken from the wooded 
slope to the north of the stream and opposite a point about 1,200 feet 
above the lower end of the stream. In each view the source of the mate- 
rial can be seen on the ridge of the peak. The landslide that developed 
into a rock stream in the lower portion started at the crest of the ridge. 
The rock broke away in a practically continuous mass between the notch 
and b, a distance of perhaps three-quarters of a mile. Beyond b to the 
right the break continued, but the material derived from the part of the 
mountain covered by the last two gulches to the right of b, as seen best 
in figure 2, flowed down farther to the south and formed the south rock 
stream. 

The north rock stream may be divided into three parts—the north 
branch, the south branch, and the main stream below the junction. The 
north branch has about the same width as the south branch, but is much 
longer and contains much more material. Below the junction it forms 
perhaps nine-tenths, certainly three-quarters, of the combined stream. 
The junction of the two branches is best seen in plate 49, figure 1. In 
this plate the rock material appears much darker than it should, owing 
in part to under exposure of the photographic plate and in part to con- 
trast with the snow. 


CHARACTER OF THE MATERIALS 


The materials composing the two branches is the same, namely, the 
whitish colored porphyry composing the summit of the mountain. Al- 
though the rock stream passes down between banks of red shale and 
sandstone for a distance of 1,700 feet or more, not one particle of any 
other kind of rock than porphyry is to be seen. Furthermore, the por- 
phyry fragments present a very unusual uniformity, in that there ap- 
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pears to be no appreciable difference in texture or composition or out- 
ward appearance in different portions of the stream. A striking feature 
is the comparative uniformity in the size of the rock fragments. In the 
greater part of the stream there appears to be absolutely no fine material 
such as clay or sand, but simply clean, angular fragments of rock without 
a particle of finer cementing material. Equally noticeable is the absence 
of very large fragments. In only one case was a rock fragment of over 
6 feet noticed. As will be noted later, the size of the fragments may 
vary considerably in different portions of the stream, but within certain 
well defined sections the size is very uniform, say from 1 to 2 feet in 
diameter. See plate 51, figure 1. On the other hand, certain portions of 
the rock stream do contain considerable sand and clay. This is particu- 
larly noticeable in the southern branch. Such portions are also more or 
less covered with vegetation, whereas the parts free from fine materials 
contain no vegetation whatever. 


SIZE AND ELEVATION 


Elevations were taken by aneroid barometer and are not perfectly 
reliable, as no efficient check on the readings could be made. The eleva- 
tion of the ridge of South Veta Peak at the point where the landslide 
started is something over 11,000 feet, probably about 11,200 feet, above 
sealevel. The bottom of the valley of South Veta Creek where it is 
joined by the side valley in which the rock stream lies is approximately 
8,800 feet high. The lowest point of the rock stream is some 200 feet 
vertically above this junction of the valleys and is distant about 2,000 
feet therefrom. The total drop, therefore, from the crest to the bottom 
of the rock stream is 2,200 feet. The total distance traveled by the rock 
fragments as measured between these two points is upward of one mile. 
The rock stream proper measured from the base of the steep declivity, 
seen in plate 48, figures 1 and 2, to the left of a, is 4,500 feet. In width 
the two branches are each about 1,000 feet a short distance above the 
junction. Below the junction the combined stream measures about 500 
feet wide. The depth can not be determined, but, judging from the 
average slope of the valley bottom below the rock stream and from such 
measurements as could be taken, it was estimated that the depth of the 
stream at a point some 300 feet from the lower end is not less than 130 
feet. 


SURFACE FEATURES 


Although the surface of the rock stream shows in the main a relatively 
uniform slope down stream, the average for the north branch being about 
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8 degrees, at each side and at the end the mass of rock debris suddenly 
pitches off at an angle of 35 degrees, so that the fragments are in a state 
of unstable equilibrium and are easily set moving if one attempts to climb 
over them. At the sides, therefore, there is a marked trough formed 
between the rock stream and the rock formations in place, a feature very 
suggestive of the lateral moraines of alpine glaciers. 

The concentric billows and irregular hummocks that are so marked a 
feature of many of the rock streams of the San Juan Mountains are not 
very noticeable in this rock stream. In the central portion of the north 
branch, where the stream suddenly changes to a much greater pitch, 
there are several rolls or billows suggestive of the billows of a cataract 
ina river. Three of these may be seen in plate 48, figure 2, at the lower 
edge just to the left of the middle of the picture. The hollows or flats 
are here indicated by the three parallel snow patches. In reality they 
are much more pronounced than is indicated by the picture. In the 
upper portions of rock streams, near the foot of the steeper part of the 
landslide, hummocky billows and flats so characteristic of landslide areas 
are much in evidence, but not so in the more characteristic rock stream 
portions where the evidences of motion are most marked. 

Instead of hummocks and billows this stream is characterized by the 
presence of parallel ridges and troughs that conform to the direction of 
the rock stream and that persist for many hundreds of feet. The ridges 
may be, and usually are, quite flat, while the troughs are much sharper 
and narrower. By means of these troughs and ridges the direction of 
movement may be traced as readily as my means of medial moraines in 
the case of actual glaciers. Plate 49, figure 1, shows this feature where 
it is most pronounced at the junction of the two branches. Plate 49, 
figure 2, shows the ridges somewhat flatter. This view is taken from 
the south side of the stream below the junction of the two branches. It 
shows practically the whole of the stream where it is narrowest, 500 feet, 
and gives an idea of the uniform slope of the rock stream. The wooded 
slope beyond the rock stream is composed of Carboniferous rocks. 

As will be seen in the description of the north branch, this rock stream 
conforms, as do glaciers, to the larger irregularities of the valley, turning 
with the valley; but, like glaciers again, it is unable to conform to the 
lesser irregularities of the surface. A striking instance of this is seen 
in the damming up, so to speak, of a flat side valley on the northside ot 
the north branch several hundred feet above the junction of the two 
branches. At this point the rock stream, like the lateral moraine of a 
glacier, passes uninterruptedly across the mouth of this side valley at a 
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level of 50 feet above the level of the side valley. This is shown in 
plate 50, figure 1. This view is taken from the bottom of the side valley 
looking up at the rock stream whose direction of motion is at right angles 
to the line of view. 


DETAILS OF STRUCTURE 


Reference has already been made to the ridges and intervening troughs. 
The former are often, merely long, narrow flats raised 4 or 5 feet above 
each other, with no marked trench or trough between them. The rocks 
composing these flat ridges usually have a distinct and often very marked 
horizontal arrangement, the individual slabs lying flat. On the other 
hand, in the troughs, especially where sharp and narrow, the rocks show 
a strong tendency to stand on edge, with their long diameters parallel to 
the direction of flow. In plate 50, figure 2, is shown a mass of flattish 
rock fragments measuring from 1 to 3 feet in greatest length and turned 
on edge. This view is taken at the bottom of a pronounced trough. 
The contrast between the flat-lying slabs of the ridges and those turned 
on edge is also brought out clearly in plate 52, figure 2. In this case 
there is no real trough in evidence, but merely a higher bench of flat- 
lying slabs and a parallel running lower bench in which the fragments 
are mostly turned up on edge. 

It is also to be noted that where two flat ridges or parallel benches 
occur on different levels there is usually a marked difference in the aver- 
age size of the rock fragments composing the two benches. This differ- 
ence in size persists throughout the whole length of the ridge. It can 
hardly be explained except on the assumption that the material of the 
two ridges comes from different sources somewhat after the manner of 
two lateral moraines uniting to form a medial moraine. This contrast 
in size of the constituent fragments may be. seen in plate 51, figure 1; 
likewise in plate 49, figure 2. 


THe Nortu BrRancu 


As above stated, this branch forms the major part of the whole rock 
stream. It not only is much longer than the south branch, but after the 
two streams unite the material from the north branch forms perhaps 
nine-tenths of the entire mass and continues also farther down stream. 
Throughout its entire length it is almost entirely free from fine material, 
and also free from vegetation. This rock stream started at the point 
a in plate 48, figures 1 and 2, in the shape of a regular landslide with an 
initial direction of north 60 degrees west. Descending with terrific 
velocity for some 1,200 or 1,500 feet vertically, the rockmass met with 
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NORTH AND SOUTH BRANCH 


obstructions at the foot of the declivity which caused most of it to turn 
to the left through an angle of 80 degrees and to take a direction of 
south 40 degrees. From the point where the turning begins at the bot- 
tom of the steep declivity downward the rock stream features become 
increasingly marked. At the upper end they are hardly noticeable. 
From this point of first turning downward the rock stream undulates 
with the course of the valley, gradually turning still more to the left 
toward the bottom, till at the very end the direction of motion is such 
that the stream from its source at the top of the ridge to the lower end of 
the rock stream has turned through an angle of 110 degrees. Except 
for the first great plunge, this great mass of rock detritus has evidently 
flowed down the valley at a gentle slope of only 8 degrees, practically as 
though it were a liquid. And yet there is no evidence of any appre- 
ciable amount of fine material like mud that could have formed a lubri- 
cant. Starting as it did, there could hardly have been much water 
accompanying the rock debris, so that the moving mass must have con- 
sisted essentially of rock debris and air. As in the case of the Elm and 
Frank landslides mentioned above, the mass of rock fragments, moving 
at great velocity, and with no lubricating material except air and a little 
water, acts essentially like a liquid. In rubbing forcibly against each 
other the fragments would naturally be broken finer and finer and be- 
come more or less chipped. In fact, chipping of the larger fragments, 
as though with a hammer, is quite a common feature. 

At the foot of the steep declivity where this north rock stream started, 
the rock material is accumulated in a series of parallel running ridges 
of considerable size. These ridges lie athwart the course of the descend- 
ing landslide and are perhaps in part responsible for the deflecting of the 
rock stream to the left. It would seem that the landslide, being sud- 
denly checked at the bottom of the declivity, piled up in ridgelike rock 
billows, and thus formed an obstruction that turned the course of the 
rest of the stream into the side valley, down which it proceeded to flow 
until its force was spent. In plate 48, figure 2, the scar left by the land- 
slide at the head of this rock stream is very plainly shown to the left and 
below the letter a. 


Tue SoutH Brancu 


The south branch is comparatively broad and short and does not pre- 
sent such marked evidences of flowage, except at the lower end, as is seen 
in the north branch. The greater part of the area covered by this rock 
stream is more of the nature of ordinary landslides, with hummocky 
billows and hollows and a more or less level shelf marking the upper 
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limit of the displaced mass. It also contains much more fine material 
and is more or less wooded. At the lower limit, however, this rock slide 
develops well defined rock stream features. It comes into the valley 
from the south side, making a graceful curve where it joins the larger 
north stream and follows down the left or south side of the valley, being 
quite distinct from and yet parallel with the stream from the north branch, 
until it finally ends 200 or 300 feet sooner than the north stream. In 
plate 48, figures 1 and 2, the source of the material of the south branch 
may be seen in the landslide that came down between the points marked 
by the letters a and b. Likewise in plate 51, figure 2, may be seen to the 
left of the letter a the scar of the landslide at the head of the north 
branch, and to the right of a the source of part of the south branch. 
This plate also shows the parallel ridges and troughs of the south branch 
with their curving lines just as they unite with the north branch. The 
trenches here shown are not to any degree due to water erosion, but purely 
to the motion of the rock stream itself. 

In plate 52, figure 1, is to be seen the continuation of the above de- 
scribed plate 51, figure 2, taken some 200 or 300 feet lower down stream. 
The left part of the view shows a part of the north branch, the material 
of which lies at a slightly higher level. The lower lying portion to the 
right and in the center of the view represents the south branch flowing 
in on a curve from the right. Finally plate 52, figure 2, shows the same 
two flows taken still farther down stream. The rock material from the 
north branch continues still at a higher level and forms a bench of flat 
lving fragments, while the material from the south branch stands at a 
lower level and has its individual fragments turned on edge. This dif- 
ference of level in the two branches continues to the end of the stream. 
Here again we see a marked resemblance between this rock stream and a 
glacier. In each case the materials from different sources and from 
different tributaries travel down the stream without mingling. If it 
were not for the fact that the rock material of the two tributaries is 
exactly alike in appearance, this feature would be much more marked 
than it is. 

It is an interesting fact that where the two streams come together and 
are apparently squeezed into a narrow space between the steep sides of 
the valley, there the evidences of motion are strongest, and there, too, the 
rock fragments show most marked tendency to stand on edge. 


Rock STREAMS AND GLACIAL ACTION 


Rock streams as described by Cross and Howe in the San Juan Moun- 
tains of Colorado are limited to the very high mountain regions above 
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GLACIAL ACTION 


the level of growing timber and at the heads of glaciated valleys. Their 
resemblance to glacial deposits and their association with glaciated areas 
naturally suggested some genetic connection with glaciers. But in case 
of the Veta Peak rock streams glacial action is entirely out of the ques- 
tion. In the first place, no glaciated valleys are found in Colorado at 
an altitude of only 9,000 feet. In the second place, even where glacia- 
tion has occurred in Colorado at altitudes of 10,000 to 11,000 feet, this 
has happened only in regions of extensive mountain masses. The eleva- 
tion of Veta Peak, about 11,600 feet, is quite insufficient to have caused 
the starting of a glacier, even though the peak were located in close prox- 
imity to extensive mountains of greater size and extent. Still more is it 
impossible for glaciers to originate on an isolated peak far away from 
the high mountain ranges and on the edge of the plains. No glaciated 
areas occur within 10 or 15 miles of Veta Peak. 

It is evident, therefore, that glacial action is in no way necessary for 
the production of rock streams of the most pronounced type. That rock 
streams are so common in the high mountain regions of the San Juan is 
doubtless due to the erosive agencies of glacial ice which have cut back 
the heads of the valleys into great steep walled amphitheaters and have 
thus produced conditions unusually favorable for landslides. It would 
seem, therefore, that rock streams may occur wherever conditions are 
such as to produce landslides of great mass and of great velocity. That 
such must have occurred in many other places is more than likely, but, 
as suggested by Mr. Howe, in most climates vegetation would quickly 
cover and obscure all evidences of ancient rock streams. 

Just why Veta Peak should have been so favorable for the production 
of rock streams of evidently very recent origin is not quite clear. To be 
sure, the very steep mountain slope to the west of the peak was essential, 
but other mountain slopes of equal steepness have failed to account for 
like results. It would seem that a uniform igneous rock like that com- 
posing the summit of this peak, however readily it might break up under 
the action of frost, would hardly be likely to be precipitated in huge 
masses. From observations made by the writer in other parts of Colo- 
rado, he is convinced that rock streams with marked evidence of stream- 
like motion are by no means rare phenomena, and there is no reason to 
suppose that such phenomena are limited by any particular geographic 
bounds. 

It may be noted, in conclusion, that rock detritus is quite capable of 
assuming parallel lines of flow without the interposition of either glacial 
action or of landslides. The writer has very often observed in high 
mountain regions in the Rockies that rock detritus very often arranges 
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itself in parallel running ridges and troughs and that in such cases the 
trend of the ridges is invariably down hill, and that the rock fragments 
show a strong tendency to stand on edge. This occurs in places where 
glacial action as well as landslides are out of the question, but where snow- 
drifts lie till late in the summer. In such cases the only explanation 
that has occurred to the writer is that the arrangement is due to a slow 
creep of the rock fragments caused by the snow melting by day and 
freezing by night. 
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DESCRIPTION OF PLATES 


PLATE 48—VETA PEAK, COLORADO, AND THE NORTH RocK STREAM 


Figure 1.—General View of the north Rock Stream, looking East. 

The view is taken from a point about 500 feet above the level 
of the lower end of the rock stream. In the distance is the ridge 
of North Veta Peak to the left and of South Veta Peak to the 
right, with the notch between. At a is the top of the landslide 
that developed into the rock stream. The south branch of the 
rock stream started between @ and b. The sparsely wooded hill 
in the foreground is composed of red shales and standstones of 
Carboniferous age. 


Fieure 2.—Nearer View of the Source of the Rock Streams. 


These streams started as two landslides, one at @ and the 
other between a and b. In the foreground to the left is a por- 
tion of the north branch, showing steplike rock billows. 


Piate 49—THE NortH Rock STREAM 


FieurE 1.—View of the middle Portion of the Rock Stream. 
The view is taken at the point where the north branch and 
the south branch unite, showing the longitudinal ridges and 
troughs. 


Fieure 2.—View looking North across the Rock Stream. 

The view is taken at the narrowest part of the stream below 
the junction of the two branches. The wooded slope beyond the 
stream is Carboniferous. The view also shows several flat ridges 
and intervening troughs. 


Piate 50—TuHeEe NortH Rock STREAM 


Fieure 1.—View looking up at the Rock Stream. 
The view is taken from the bottom of a flat side valley that is 
dammed up by the rock stream. The direction of flow is at right 
angles to the line of vision. 


Ficure 2.—Detail of the Rock Stream. 
The view shows the flat and uniform sized rock fragments 
standing on edge in the bottom of one of the troughs. 
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Piate 51—TuHeE NortH Rock STREAM 


Figure 1.—Detail of Rock Stream. 
The view shows the trough between two flat ridges; also the 
uniformity in size of the fragments and the difference in average 
size of the fragments composing the two ridges. 


Figure 2.—View of Part of the South Branch. 

The view is taken at the point where the stream joins the north 
branch. It also shows the landslide scars at the head of the 
north branch to the left of @ and of the south branch to the right 
of a, as well as the marked ridges and troughs and the curving 
lines of flow. 


PLaTe 52—TuHeE NortH Rock STREAM 


Figure 1.—View taken about 200 Feet below that shown on Plate 51, Figure 2. 
It shows portions of the north and of the south branch where 
they flowed along side by side. 


Figure 2.—View of the same Portions of the north and south Branches as 
shown on Plate 52, Figure 1. 
The view is taken still farther down stream. It also shows 


the difference of the level of the two streams and of the position 
of the rock fragments in each. 
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Fietre 1.—GENERAL VIEW oF THE NortTH RocK STREAM, LOOKING East 


Figure 2.—NEARER VIEW OF THE SovurRcE oF THE Rock STREAMS 


VETA PEAK, COLORADO, AND THE NORTH ROCK STREAM 
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Ficure 1.-—VIEW OF THE MIDDLE Portion OF THE Rock STREAM 


Ficure 2.— VIEW LOOKING NortH across THE Rock STREAM 


THE NORTH ROCK STREAM 
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Figure 2.—DETAIL OF THE RocK STREAM 


THE NORTH ROCK STREAM 


om 
d 
= | 
"J 
Z a 2 = “a 
+. 


‘ 
ag 


BULL. GEOL. SOC. AM. VOL. 21, 1909, PL. 51 


Figure 1.--Derait or tHe Rock STrReam 


Figure 2.—View or Part oF THE BRANCH 


THE NORTH ROCK STREAM 
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Figure 2.—VIEW BELOW THE JUNCTION OF THE NORTH AND SouTH BRANCHES 


THE NORTH ROCK STREAM 
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INTRODUCTION 


In 1856 James Richardson, of the Geological Survey of Canada, spent 
the months of July, August, and September studying the geology of 
Anticosti and the Mingan Islands to the north, adjacent to the south 
shore of Labrador, now Quebec. His collection was a large one, consist- 
ing of forty boxes and barrels of fossils. The result of this study was 
the determination of a section beginning early in Ordovicic time, having 
a thickness of 540 feet, followed by 19 miles of sea, when the section 
again begins high in the Ordovicie and continues well up into the Siluric 
through 2,300 feet of limestones and shales.” 

Richardson’s sections are in all essentials still correct and the strati- 
graphic foundation upon which all subsequent work for this region must 
be based. 

The fossils of Anticosti were studied by Billings, and he states that 
during his preliminary work “an opportunity was afforded me of examin- 
ing these in connection with Professor Hall, the eminent Palzontologist 
of the State of New York, who was then ‘on a visit to this city | Mon- 
treal].” This joint examination made it all the more possible for 
Billings to make the correlations that have since stood unchallenged.* 
His conclusions are as follows: 
“All the facts tend to show that these strata were accumulated in a quiet 
sea in uninterrupted succession during that period in which the upper part of 
the Hudson River group, the Oneida conglomerate, the Medina sandstone, and 
the Clinton group were in the course of being deposited in that part of the 
Palzozoic ocean now constituting the State of New York, and some of the 
countries adjacent. If this view be correct, then the Anticosti rocks become 
highly interesting, because they give us in great perfection, a fauna hitherto 
unknown to the Paleontology of North America. When the great thickness of 


* Richardson: Geological Survey of Canada, Report of Progress, 1857, pp. 191-245. 
* Billings: Ibidem, 1857, pp. 247-255. 
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the rocks between the Hudson River and Clinton groups is considered, it be- 
comes evident that a vast period of time must have passed away during their 
deposition; and yet as the Oneida conglomerate is unfossiliferous and the 
Medina sandstone has yielded but a few inconspicuous species, we have been 
almost wholly without the means of ascertaining the natural history of the 
American seas of that epoch. The fossils of the middle portion of the rocks 
of Anticosti fill this blank exactly, and furnish us with the materials for con- 
necting the Hudson River group with the Clinton, by beds of passage contain- 
ing some of the characteristic fossils of both formations, associated with many 
new species which do not occur in either.” 


On the basis of Richardson’s work and the fossils gathered by him, 
Billings divided the 2,300 feet of Anticosti strata into six divisions, to 
which he applied the first six letters of the alphabet. The lower 960 feet 
are of Divisions A and B, and to him it appeared “very probable that 
these divisions are a portion of the Hudson River group.” They termi- 
nate his lower Silurian. ‘To these must be added his Division C, as it 
has the fauna of the other two divisions. 

In 1857 the “Hudson River group” of New York was terminated by 
the Lorraine, and nothing that is now embraced under the term Rich- 
mondian was then known to occur above the Pulaski and Lorraine forma- 
tions. In reality the “Hudson River group” of the Hudson River Valley 
is based on the very thick and greatly deformed mass of black shales 
holding an Atlantic province fauna mainly of graptolites that are older 
than the Utica and younger than the Cambric. In fact, the term is 
practically synonymous with the “Quebec group.” The “Hudson River 
group,” however, was already extended at that time to include the Ordo- 
vicic strata of the Ohio Valley, now known as the Cincinnatian series, or 
Cincinnatic system, which not only has the equivalents of the Lorraine, 
but is the typical area for the Richmondian series. The use Billings 
here makes of the term “Hudson River group” is in the sense of the Lor- 
raine equivalents; but the Anticosti Divisions A and B are not of this 
time, but of the higher Richmondian series. As yet, no strata of Lor- 
raine time have been shown to occur on Anticosti or in the Saint Law- 
rence Valley; but even though such may occur in both regions, Billings 
had in mind the correlation of Divisions A and B of the Anticosti strata 
with the Lorraine of New York and its equivalents about Cincinnati. 
Therefore we must modernize Billings’s “Hudson River” strata of Anti- 
costi as the equivalents of the Cincinnatian series. 

The remaining strata of Anticosti he divided into Divisions C, D, E, 
and F, that together “constitute a series of deposits to which it is pro- 
posed . . . to give the name of the Anticosti group.” “The fossils 
of the middle portion of the rocks of Anticosti [that is, C and D, he 
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thought filled the time of the unfossiliferous Oneida conglomerate and 
the Medina sandstone] . . . furnish us with the materials for con- 
necting the Hudson River group with the Clinton, by beds of passage 
containing some of the characteristic fossils of both formations, asso- 
ciated with many species which do not occur in either.” We now know 
that the Oneida is another phase of the upper or marine Medina,‘ and it 
is still true that these formations have yielded in New York as yet but a 
very meager fauna. On later pages it will be shown that the Medina at 
Hamilton, Ontario, yields a small “Clinton” fauna, and that by com- 
bining all that is known in regard to this formation it appears probable 
that this time equivalent is represented by the lower middle part of 
Division D on Anticosti. In any event, it is true that the Anticosti 
strata represent a longer and less broken series of marine deposits bridg- 
ing the time between the latest Ordovicic, or rather the Cincinnatic, and 
the earliest Siluric than those at any other place in North America. 

It will also be seen that the “Anticosti group” of Billings embraces the 
stratigraphic equivalent of the “Niagara period” as defined by Dana’— 
that is, the Oneida and Medina, the Clinton group, and the Niagara shale 
and limestone. This usage by Dana was an extension of the term 
“Niagara group” proposed by the New York State Geologists in 1842, 
at which time it embraced only what is now known as the Rochester 
shale and Lockport dolomite. To the Medina, Clinton, and Niagara 
group the term “Ontario division” was applied by the latter. Clarke 
and Schuchert® used Ontario in the sense of a period or system, and 
accepted the delimitation of it as given by Emmons (1842), who added 
to the formations mentioned above the Salina and Waterlime—that is, in 
modern terms, the Cayugan series of Clarke and Schuchert. 

At present we know of no time break in the Divisions D and E of 
Anticosti; the break, if any, occurs between C and D. Divisions A, B, 
and the greater part of C have the Cincinnatic faunas, while the life of 
D and E becomes more and more like that of the Clinton of New York. 
The strata of Division F, petrologically, are markedly different from 
those of the other divisions, and the fauna, although not so well known by 
reason of poor preservation, gives every evidence of being younger than 
any Clinton biota. Restricting the term “Anticosti group” of Billings 
to Divisions D, FE, and F, therefore, gives to it strata embracing the same 
geologic time as that covered by the Niagara period of Dana. Billings’s 
term is of 1857. If restricted as above indicated, it will date from the 


4 Hartnagel: New York State Museum, Bulletin 107, 1906, extract 5-7. 
5 Dana: Manual of Geology, first edition, 1863, p. 229; fourth edition, 1895, p. 535. 
* Clarke and Schuchert: Sci D ber 15, 1899, p. 875. 
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publication of this paper. The term Niagara, on the other hand, dates 
from 1842, and Dana’s wider extension was made in 1863. The term 
Niagara is firmly fixed in American geological literature and has the 
added value of belonging to the New York standard, the standard section 
for correlation in eastern North America. These facts, coupled with 
strict priority of definition of the two terms, have led the writers to the 
conclusion that Billings’s term must yield to Dana’s and the modernized 
term Niagaran will be used in this work. Billings’s term “Anticostian,” 
although a synonym for Niagaran, will be retained for local application 
and value. 

In subsequent years Billings described in various places the new species 
gathered by Richardson, and finally in 1866 (with the exception of a 
revision of Stricklandinia in Palseozoic Fossils, volume II) brought all 
the information together in his “Catalogues of the Silurian Fossils of 
the Island of Anticosti.”7 Here the two lower divisions are referred to 
the “Lower Silurian” and the remainder to the “Middle Silurian-Anti- 
costi group.” Finally, in 1863 Logan*® gave a very good synopsis of the 
stratigraphy of the Mingan and Anticosti sections which has become the 
standard of reference for these strata. 

The senior author spent the month of June, 1908, on Anticosti, and 
studied the entire Anticosti section that may be seen on the southwestern 
side of the island from English Head to the Jumpers. The junior 
author devoted the months of July, August, and September of the follow- 
ing year to the same end, cireumnavigated the island, studying the strata 
of the entire shore, and studied as well the western Mingan Islands. By 
the kindness of the owner of Anticosti Island, M. Henri Menier, we were 
permitted to do this work. A cod-fishing boat and two men were placed 
at our disposal and our work was further greatly facilitated through the 
care and advice we received from the friend and legal adviser of the 
owner, Mr. Georges Martin-Zédé, and the local governor, Mr. Alfred 
Malouin. 


GENERAL STATEMENT OF THE GEOLOGIC SEQUENCE 


The Paleozoic strata of the Mingan and Anticosti Islands lie nearly 
horizontal, but there is a definite dip to the south that appears to be 
somewhat undulatory, “with an average slope of about ninety feet in a 
mile” (Logan, 1863, page 220). This is the probable average dip for 
the Mingan Island region, but there is no way of proving that the same 


7Billings: Geological Survey of Canada, Catalogues of the Silurian Fossils of the 
Island of Anticosti, 1866, pp. 1-82. 
* Logan: Geology of Canada, 1863, pp. 119-122, 134-135, 164, 287; 220-224, 298-309. 
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angle is maintained under the sea for 19 miles, the distance to Anticosti. 
Richardson and Logan estimated that in this covered interval are hidden 
about 1,700 feet of strata between the highest deposits of Mingan and 
the lowest of Anticosti. The latter states that “this volume probably 
consists of the upper part of the Birdseye and Black River, with the 
Trenton, the Utica, and the lower part of the Hudson River formation, 
what is considered the upper part of the latter being the first rock met 
with on the north side of Anticosti” (Logan, 1863, page 221). The 
writers will show that strata of probable early Richmondian age are 
immediately beneath the base of the Anticosti series, and that, as the 
highest rocks of the Mingan Islands are probably of Black River time, 
this covered interval may have deposits ranging from the lowest Trenton 
to the Lorraine. The thickness of 1,700 feet, if present, is not thought 
to be excessive for these strata, as all formations here have a greater 
thickness than are known outside of the Saint Lawrence embayment. 

The north side of Anticosti Island is far higher—in places 400 feet— 
and more precipitous than the south shore. There also are seen the 
oldest strata, the greater part of the north shore being composed of the 
Richmondian beds. The dip here is also to the south, with the beds of 
the east and west ends of the island somewhat elevated, so that the de- 
posits of the medial portion of the island now lie nearly horizontal in a 
shallow trough. 

That the strata of Anticosti are the deposits of a very shallow sea— 
that is, within the zone of wave action, known to extend in the present 
seas to a depth of about 150 feet—is proven by the many zones of intra- 
formational conglomerates and limestone conglomerates made up of thin 
flat pebbles in Divisions A, B, and D, by the abundance of reef corals 
and coral reefs in the higher beds of C and throughout D and E, by the 
quartz sand and coral sand deposits seen only along the north shore in 
C and D, and the more or less argillaceous limestones and interbedded 
zones of shale or thick beds of shale. Some of the intraformational con- 
glomerate beds consist of the churned up sea bottom, in places upending 
the newly deposited beds for a thickness of not less than 2 feet or rolling 
the then soft deposits into mud balls. Such are often seen in Divisions 
A and D. 

The general stratigraphic sequence from the Quebec shore to the south 
side of the Mingan Islands is as follows: 

Laurentian. 
Canadie system.’ 


Beekmantown series: Feet 
Romaine dolomites, with a thickness of at least...... 290 
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Ordovicic system.’ 
Chazian and Mohawkian series: 

Covered by the sea—Logan’s estimate................ 


THE LONG RANGING SPECIES 


On Anticosti many of the species have a very long time range, often 
extending through several hundred feet of limestones. This is to be ex- 
plained not only by the probable rapid deposition of the Cincinnatic and 
Siluric formations, but rather in that the Gulf of Saint Lawrence embay- 
ment was then on the edge of the continent, on the continental plat- 
form in close and open connection with the North Atlantic (Poseidon) 
Ocean; in other words, near the great reservoir of equable environment “ 
and longer enduring faunas. The more striking cases are the following ‘a 
species, with their vertical range given in feet: 


Favosites prolificus gradually changes into F. gothlandicus, and ranges i. 
throughout the entire strata of this island, 2,300 feet. All of the tabu- 7 
late corals have an extended range, but none are so long enduring as this , 


species. 


Beatricea nodulosa and undulata, 700 feet. 

Hebertella maria, 1,027 feet. 

Dinorthis porcata appears twice, first near the base of A and again nearly 
800 feet higher in C,—-C,. 

Orthis laurentina, about 100 feet. . 

Leptena nitens, 1,060 feet. 

Strophomena fluctuosa, 980 feet. 

Triplecia ortont, 280 feet. 

Clitambonites diversus, 720 feet. 

Parastrophia yeversa, 110 feet. 

Stricklandinia lens, 540 feet. t 

Pentamerus oblongus, 650 feet. 

Rhynchotrema anticostiensis, 1,060 feet. 

Rhynchotrema perlamellosa, 275 feet. 

Rhynchonella (?) janea, 761 feet. 

Catazyga anticostiensis, 320 feet on south shore and 430 feet on north 


shore. : 
Anoplotheca hemispherica, 650 feet. 
Atrypa marginalis, 230 feet. ‘ 


Hyattella congesta, over 350 feet. 
Hindella umbonata, about 150 feet. 
Conradella pannosa, 980 feet. 


*Schuchert : Bulletin of the Geological Society of America, vol. 20, 1910, pp. 526-533. 
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MINGAN ISLANDS SUCCESSION 


CANADIC SYSTEM. BEEKMANTOWN SERIES 


Romaine formation—thickness and general characteristics.—In the re- 
gion of the Mingan Islands the Beekmantown deposits are seen at various 
places between Saint John River eastward to Sainte Geneviéve Island, a 
distance of about 55 miles. The thickness of the Beekmantown, which 
*. will hereafter in this paper be called the Romaine formation (from the 
. island of the same name at the mouth of Romaine River), is probably 
. not less than 290 feet and not more than 365 feet. Logan estimated it 
at not over 250 feet, but he excluded about 90 feet that are herein in- 

cluded. These deposits consist of dolomites and magnesian limestones 


Sg with thin bands of shale or shaly magnesian limestone. 

‘ Romaine formation, Division A,.—In the basal portion the dolomites 
_ are more granular than in the higher strata and locally are greatly dis- 
* turbed by the diagenetic changes that have taken place during or shortly 


after the time of deposition. The rock in such places appears as if 
kneaded, and has many geodes, nodules, and patches of yellowish white 
chert and yellowish white calespar. These phenomena have been de- 
scribed by Logan, who states that they “suggest the idea that they may 


1" be the effect of ancient springs, which rise to the surface through the yet 
: unconsolidated sediment, washing away the finer particles, and disturbing 
' and confusing the arrangement of the strata” (Logan, 1863, page 121). 
re Similar phenomena have been seen elsewhere in Beekmantown deposits 
*) and are thought to be produced by the dolomitization of the vet uncon- 


solidated limestones. 

The Romaine A, beds undoubtedly rest directly on the Laurentian, 
“4 although an actual contact has not been seen. The oldest observed strata 
are on Romaine Island, and about one-eighth of a mile northward occurs 
the Laurentian granite, the interval being concealed by a shallow channel 
that is rapidly being filled in by sands. The strata concealed here are 
estimated not to exceed 30 feet. It is probable that in this concealed 
t zone occur the strata described by Logan as follows: 


“At the east horn of Pillage Bay, on the main coast, opposite to Hunter's 
Island of the Mingan group, a white sandstone about eight feet thick has been 
met with resting on Laurentian gneiss, The position of this sandstone, and 
the moderate dip of the paleozoic strata in that neighborhood, would bring it 
to within two feet of the nearest strata of the Calciferous formation” (1865, 
age 287). 


The Romaine Island section exposes at the base a shalv limestone not 
over 3 feet in thickness, followed by a mottled dark gray, coarsely crystal- 
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line dolomite of 40 feet thickness. This is the kneaded or locally altered 
zone mentioned above. Fossils are very scarce here, the only one seen 
being T'rochonema tricarinatum Billings. From this island was obtained 
by Richardson Archeoscyphia minganese (Billings). 

The Romaine Island section may again be seen, and to better advan- 
tage, on Mingan Island opposite the Hudson Bay Company post of this 
region. Here the lower 35 feet appear to be the direct continuation of 
the 40 feet of mottled dark gray dolomites of Romaine Island, and have 
vielded Raphistomina laurentina (Billings). 

The higher beds of Mingan Island, or Romaine A,, having a thickness 
of 23 feet, are more finely crystalline and better stratified dolomites in 
beds from 12 to 32 inches thick, and have yielded Fusispira calcifera 
(Billings) and Piloceras canadense Billings. ‘These identical beds are 
in all probability also exposed on Hunter and Sainte Geneviéve Islands, 
where Billings reports the occurrence of Piloceras canadense. 

On the Quebec coast, in the bay west of Clear Water Point, are seen 
mottled and gray dolomites having a thickness between 80 and 100 feet. 
While no fossils were seen in these deposits, their character and position 
locate them as in part equivalent to the strata of Romaine and Mingan 
Islands. 

Romaine formation, Division B—The higher strata above the Mingan 
Island section are beneath the southern part of the channel between Ro- 
maine and Large Islands. The thickness of the beds in this interval is 
estimated at between 150 and 200 feet, the lesser depth being the more 
probable one. 

Romaine formation, Division C.—The Romaine strata are again 
visible on Large Island, where the section is continued, the basal 75 feet 
consisting of yellowish gray and dull drab colored, fine grained magne- 
sian limestone carrying chert nodules, with a few beds of dark shale. 
The limestone beds range up to 2 feet in thickness. Logan has erro- 
neously referred these Large Island beds, with a thickness of 65 feet 5 
inches, to the Chazy series (Logan, 1863, page 134). The only organic 
remains seen here are fucoid markings and Bathyurus amplimarginatus 
Billings ?. These beds are followed by others, of which all but the basal 
portions are concealed, and may be seen on the reefs near the middle of 
the west side of the island. Here the lower 15 feet have yielded Bil- 
lingsella (?) grandeva (Billings), Syntrophia lateralis (Whitfield) ?, 
Bathyurus amplimarginatus, and Leperditia n. sp. 

The Syntrophia beds are again met with on Parroquet Island, where 
the basal 15 feet have yielded Syntrophia lateralis ?, Euomphalus cf. 
perkinsi Whitfield, and an undetermined Bathyurus. This same horizon 
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is thought to be present in the lowest 16 feet of the section of Quarry 
Island, the island directly east of Large Island, in the lowest 17 feet of 
Harbor Island opposite Esquimaux Point, and at Clear Water Point. 
Correlations.—In the Mingan region the oldest Paleozoic strata are 
of Beekmantown time. To the northeast it is nearly 300 miles to the 
lower Cambric of the Straits of Belle Isle, and to the southwest of the 
Mingans lower and upper Cambric fossils occur in the conglomerates of 
the Quebec series. It is therefore evident that while there are no strata 
; of Cambric time now in the immediate vicinity of the Mingans, that sea 
may have extended across these islands, in which event its deposits were 
removed during the long land interval preceding late Beekmantown time. 
From the fossils cited above, it is certain that the Beekmantown strata 
! of the Mingan Islands are not older than the Fort Cassin beds of the 
Lake Champlain area, and, further, it is probable that they are not older 
than zone D, of Brainerd and Seely’s section.’° This is the richly fossil- 
» iferous horizon of the Fort Cassin formation (upper Beekmantown) and 
the only one here having Piloceras. Its thickness is 100 feet, above which 
are 470 feet of limestones constituting zone F. It is probable that the 
Mingan Beekmantown represents all of D, and some or all of E of the 
Lake Champlain sequence. Between E and the Chazian series of this 
area there is a stratigraphic break, and the same emergence is present in 
te the section of the Mingan Islands. 


ORDOVICIC SYSTEM. CHAZIAN AND MOHAWKIAN SERIES 


o Mingan formation—thickness and general characteristics—Above the 
Beekmantown or Romaine strata follows disconformably, the disconform- 
ity being indicated by a basal conglomerate, a series of limestones that 
“° will be referred to as the Mingan formation (after the Mingan Islands), 
having a visible thickness of about 250 feet. This estimate is based on 
the depth of the strata of Large Island above the conglomerate zone, plus 
the Bald Island section. It is probable, however, that the lowest beds of 
Bald Island are the equivalent of a portion of the upper strata of Large 
" Island. On this basis the Mingan series has a thickness of not more 
‘. than 240 feet. The limestones of the Mingan series in all probability 
continue to a greater thickness in the north channel of the Saint Law- 
rence toward the island of Anticosti. Richardson thought that 1,700 
dl feet of strata are here concealed. Logan, in his account of these strata 
¥ (Logan, 1863, pages 134-135), gives the thickness of the “Chazy” and 
“Black River” formations as 357 feet, but as the equivalent of the New 


; “ Brainerd and Seely: Bulletin of the American Museum of Natural History, vol. iii, 
> 1890, pp. 1-23. 
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York Black River is not seen here, and as the lower 65 feet of his Large 
Island section are now known to belong to the Romaine series, his thick- 
ness for the Mingan series reduces to 292 feet, which is still 50 feet 
greater than the writers’ measurements. 

Mingan formation, Zone A,.—The basal strata of the Mingan series 
have been seen in contact with the Romaine formation on Quarry Island, 
on the east side of Deep Cove of Large Island, on Harbor Island, and on 
Parroquet Island. In these places it is a gray to white coarse sandstone 
or conglomerate of quartz pebbles, and in all observed cases is decidedly 
cross-bedded. This zone varies in thickness from 18 inches (Quarry 
Island) to 5 feet (Deep Cove). Therefore there are here the invading 
shore deposits of the Chazian sea over the then land of Beekmantown 
dolomites. The fossils here are rolled and broken individuals of Orthis 
ignicula and Rhynchotrema (?) orientalis. The basal conglomerate is 
absent on Parroquet Island and was not observed at Clear Water Point, 
as the Romaine series is here directly followed by the shales of the next 
division. 

Mingan formation, Zone A,.—The conglomerate zone is followed by a 
variable series of shales, calcareous sandstones, and limestones having a 
united thickness varying between 10 and 20 feet. These beds may be 
known as Mingan A, zone. On Quarry Island, where the conglomerate 
is 5 feet thick, there follows dark greenish arenaceous shale with a thick- 
ness of 7 feet, while that on Large Island is 11 feet thick. On Quarry 
Island this shale is succeeded by a yellow to light green, fine grained, 
highly caleareous sandstone between 4 and 5 feet thick, a bed of greenish 
arenaceous limestone, and finally 20 inches of green arenaceous shale 
with thin sandstones that locally may change into a brittle greenish lime- 
stone. 

On the Parroquet Islands, where the basal conglomerate does not occur, 
the Romaine series is followed directly by a zone of dark greenish to 
black, rusty weathering shale that is nearly 6 feet thick. Above this is a 
6-inch zone of white granular limestone (wanting on the north side of 
the island), followed by more dark greenish carbonaceous shale slightly 
micaceous, having a thickness of between 6 and 8 feet. In these higher 
shales there are fragments of Lingula, Conularia, and Serpulites disso- 
lutus ?. Then follows a greenish white limestone 2 feet thick and a final 
green shale zone of 10 inches. 

On Phantom Island, east of Quarry Island, above the conglomerate 
there follows a dark greenish to black shale 6 feet thick, but thinning to 
less than 3 feet when traced eastward; then 4 feet of calcareous sand- 
stone, 20 inches of dark shales, and 5 feet of arenaceous limestone that is 


|| 
| 
the 
of 
ata 
sea 
ere ‘ ab 
n a 
e. 
ata 
the 
ler 
sil- 
nd 
ch 
he 
he 
in 
he Be 
n- 
at 
of 
se 
re 
0) 
a 
d 
i, 
. 
‘ = 
j 5 
4 


690 SCHUCHERT AND TWENHOFEL—ORDOVICIC-SILURIC SECTION 


locally shaly. At Clear Water Point the base of the Mingan series is not 
well exposed, but the basal conglomerate appears to be absent imme- 
diately above a zone 20 feet thick of yellowish gray limestone that is 
here regarded as the top of the Romaine series. Logan (Logan, 1863, 
page 134) gives the thickness of these same beds as 28 feet, and it is 
probable that he included in his estimate the higher 8 to 10 feet of strata 
which the writers of the present paper will place at the bottom of the 
Mingan. ‘This series will then begin here with a gray, yellowish and 
bluish fine grained, highly calcareous, thin-bedded sandstone 42 inches 
in thickness, followed by 6 inches of green shale, 2 feet of calcareous 
sandstone, and finally by 4 feet of green more or less nodular shale. 

On Harbor Island the conglomerate, which is here 3 feet 8 inches 
thick, is followed by 4 feet of green arenaceous shale, 8 feet of shale and 
shaly limestone, and about 3 feet of calcareous sandstone. 

The Mingan zones A, and A, are, therefore, seen to be very variable 
in character in closely adjacent areas, and this is especially true for the 
higher zone. There is here the unmistakable physical evidence of a very 
variable shore character, just such as would be expected at the margin of 
an invading sea. 

Mingan formation, Zone A,.—The shale beds are followed by gray to 
light greenish, more or less thin-bedded limestones that locally have more 
or less thin zones of shale in the lower part. On Quarry Island this zone 
is about 45 feet thick, the lower 10 feet of which are rich in fossils. On 
the Parroquet group, about 30 feet of this zone are exposed when the sec- 
tion passes beneath the sea. On Phantom Island the uppermost 15 to 20 
feet are of this zone and represent the lower fossiliferous portion of 
Quarry Island. The upper 50 feet of Harbor Island, with the possible 
exception of the higher beds, are also of this horizon with the greatest 
abundance of fossils in the lower portion. At Clear Water Point this 
zone begins with the nodular fossiliferous limestone 10 feet thick, fol- 
lowed by 25 feet of gray and brownish gray dense limestone. 

The fauna of the lower 10 to 15 feet of Mingan A, zone may have 
upwards of 60 species, among which the following are either the most 
abundant in individuals, or are of described species, or forms thought to 
be guide fossils to the horizon’? (the species marked with a * occur in 
the Chazy of New York): Hospongia remeri, *Zittelella varians, 
*Strephochetus cf. ocellatus, Solenopora compacta var., Inocaulis n. sp., 
*Stylarea parva, Bolboporites (very rare), *Schizambon duplicimuratus, 
Bythotrypa, Crepipora, Stictoporella cf. angularis, Rhinidictya mutabilis 


1 For many of these identifications the authors are indebted to Dr. E. O. Ulrich and 
Dr. Percy E. Raymond. 
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major, Phylloporina cf. sublara, Nicholsonella, Batostoma varium, Erido- 
trypa mutabilts, *Orthis ignicula, *Hebertella exfoliata ?, Clitambonites 
piger, *Leptena incrassata (rare), *Rafinesquina champlainensis, Stro- 
phomena (group of 8. sulcata), Rhynchotrema (?) orientalis, *Cama- 
rella varians, *C. longirostra, Zygospira (small finely plicate form), 
Maclurites atlanticus (cf. M. bigsbyi, a Lowville guide fossil), *#ccyli- 
omphalus ct. fredericki, *Raphistoma striatum, *R, stamineum ?, Tetra- 
nota near bidorsata, Oncoceras cf. lyceum, Poterioceras, Cameroceras, 
*Spyroceras cf. clintoni, *Plectoceras jason, Leperditia two species, 
*Bumastus globosus, *Thaleops clavifrons, *Isotelus harrisi, Illenus bay- 
fieldi, *Pliomerops canadensis, *Pterygometopus annulatus, Bathyurellus 
fraternus, Bathyurus angelini, and *Koharpes cf. antiquatus. 

The following additional species described by Billings are thought to 
be from this zone, and not from the “Calciferous,” as he states: Cono- 
cardium blumenbachi, Pleurotomaria abrupta, P. misera, Helicotoma 
perstriata, Celocaulis linearis, Solenospira prisca, Lophospira aspera, 
Cyrtoceras maccoyi, Plectoceras tyrans, and P. natator. 

The higher beds of Mingan A, have as yet yielded no fossils. 

Mingan formation, Zone A,.—On Large Island, to the south of the 
concealed zone that is established by Richardson at about 56 feet, are 
seen 5 feet of the brittle limestone thought to be the top of the 45 feet of 
limestone composing zone Mingan A,. This is followed by 45 feet of 
light drab, dense, “birdseye”-like limestone that weathers into the fan- 
tastic forms referred to by Richardson’? as the “flower pot rocks.” No 
determinable fossils were seen here, but on one of the smaller of the 
southeastern islands in the Parroquet group a few fossils were obtained 
in the lower half of this zone. These are Orthis ignicula, Camarella 
varians, Bathyurus eatans, and Bumastus cf. globosus. 

It is probable that some of the highest strata of ‘Harbor Island also 
belong here and, as well, 35 feet of the lowest beds of Bald Island, as at 
this place “flower pots” occur, but at neither of the two places have these 
deposits yielded fossils. 

Mingan formation, Zone A,.—The previous zone of Large Island is 
followed farther south on the same island by from 35 to 40 feet of light 
colored, dense, brittle limestone, also having more or less of a “birdseye” 
character. It forms Tower Rock and the south end of Large Island. 
Few fossils were collected, among them being Leperditia, Thaleops clavi- 
frons, Bumastus globosus, and Bumastus erastusi. 

Billings records here the presence (probably from the topmost beds) 
of Maclurites logani, Euconia amphitrite, Cyrtoceras subturbinatum, 


12 Richardson: Report of Progress, Geological Survey of Canada, 1857, p. 242. 
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Orthoceras minganense, O. cornuum, Thaleops clavifrons, Thaleops arc- 
tura, and Bumastus trentonensis. 

This same series of limestones is seen to better advantage and with a 
greater thickness on Bald Island, due to an upward flexure of the strata. 
The zone A, begins here 35 feet above the basal limestones, and is about 
65 feet thick. It consists of coarsely granular, white limestones almost 
chalky in spots, not well bedded below, but better stratified above. The 
lower half is a fossil breccia with much crystalline calcite and diagenetic 
destruction of the fossils. It has furnished, among others, the following 
forms: Solenopora compacta, Ischadites, *Stylarea parva, Phylloporina 
sublaxa (Lowville type), Rhinidictya mutabilis, and variety major, Eri- 
dotrypa mutabilis, *Orthis ignicula, Hebertella cf. bellarugosa, *H. ex- 
foliata ?, *Camarella varians, *Rhynchotrema (?) prinstana, *Rafin- 
esquina champlainensis, *Leptena incrassata (common), Maclurites 
logani, Strophostylus cf. textilis, Holopea cf. pyrene, *Conocardium 
beecheri, Oncoceras two species, Poterioceras, Cyrtocerina cf. typica, 
Spyroceras, Cameroceras, Leperditia, Leperditella, Bythocypris, *Bu- 
mastus erastusi, *B. globosus, *Amphilichas minganensis, *Ceraurus 
pompilius, Bathyurellus brevispinus, Glaphurus, and *Pseudosphere.xo- 
chus vulcanus ?. 

Zone A, is closed by a fine grained, dense, whitish limestone 28 feet 
thick, with bands of granular limestone. These beds are not well ex- 
posed on Bald Island, but on a smaller island immediately to the south- 
west they can be seen to advantage. The only fossils gathered are large 
Leperditia. 

Correlations.—The few species known from the introductory Mingan 
zones A, and A, link them directly with zone A,. Their strata represent 
the near shore sediments of the invading sea and in the basal quartz con- 
glomerate the brachiopods consist of separated valves that also show wear 
due to wave action. The fauna of A, is abundant, and begins with a 
profusion of Rhynchotrema (?) orientalis. When this biota is all deter- 
mined it may attain to 60 species, and at first sight gives one the impres- 
sion that it is of middle Chazian time. This is due to the presence of 
many Chazian species (see the list on pages 690-1), and particularly of 
Stylarea parva, Bolboporites, Leptena incrassata, Camarella varians, C. 
longirostra, Maclurites atlanticus, Bumastus globosus, and Pliomerops 
canadensis. On the other hand, an abundance of bryozoa (rare in the 
lower and middle Chazy), the sponge Zittelella varians, and the brachio- 
pods Orthis ignicula and Hebertella exfoliata ? give the fauna an early 
Black River aspect. It was this Mohawkian impress that led the writers 
to believe these lower zones of the Mingan series to be not older than 
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upper Chazy, and their first inclination was to refer them to even younger 
beds—that is, to the Lowville and equivalent deposits. Some of the 
species were then sent to Raymond, and from what he has seen he is in- 
clined to correlate the Mingan A, and A, zones with the middle Chazy 
and the “reef fauna at the base of the upper Chazy at Valcour Island, 
Chazy, and Isle La Motte. Bumastus erastusi and Conocardium beecheri 
are not abundant there, and all the other species sent me are common at 
that horizon.” Billings, on the other hand, thought this higher zone of 
the Mingan series to be of Black River age. 

A larger series was later sent to Ulrich, and as he has collected very 
similar faunas in widely distributed localities throughout the eastern 
United States, it was thought that he would find it easy to make definite 
time correlations. On the contrary, he found the determination of the 
ages of the beds in the Mingan series to be a matter of great difficulty. 
This because “the faunal evidence is on the whole so mixed in its sugges- 
tions that I question if the problem can be determined satisfactorily at 
present.” Ulrich sees no lower Chazy at all in the Mingan series, and he . 
is not even certain that there is any middle Chazy here. He writes: 
“According to the faunal evidence, the beds containing the A, biota can 
not be older than upper Chazy, and it may be a recurrent and modified 
phase of the north Atlantic fauna in Black River time.” As for the white 2 
limestone fauna of zone A,, “it is of Black River age, and probably repre- 
sents a late rather than an early stage of that group. It is clearly a later 
phase of the A, fauna with the addition of the mollusca, which commonly 
go with such a rock.” 

For the present the Mingan zones A, to A, are tentatively correlated 
with the upper Chazy of New York, and A, with the earlier stages of the 
Black River. Accordingly, zone A, holds the horizon of the Lowville of 
New York. 


ANtTIcosTI ISLAND SUCCESSION 


ORDOVICIO SYSTEM. MACASTEY BLACK SHALE 


Location and characteristics—Along the northwest end of Anticosti 
from English Head east to Macastey Bay the sea throws up a black shale. 


At the latter place the junior author in 1909 found considerable quan- . ee 
tities of this shale along the beach, and in a few places large blocks, par- ge 
ticularly at Macastey Mountain, indicating that these deposits are in the r 


immediate shallow water outside the reef fringing the island here. This 
occurrence has added value, in that it indicates that the Anticosti strata 
of Richmondian time repose directly on these black shales. In regard to 
XLVIII—BULL. Grou. Soc. AM., Vou. 21, 1909 
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the nature of the contact nothing is known, nor is anything known con- 
cerning the lower formation upon which it rests. For these reasons it is 
proposed to call it the Macastey black shale, so as not to confound it with 
the Utica black shale with which it has been correlated. 

The shale has the physical character of the typical Utica—that is, a 
black, highly carbonaceous material here rich in fossils, but of few spe- 
cies, some of which are replaced by iron sulphide. The common fossils 
are Climacograptus bicornis, C. n. sp. near typicalis, Leptobolus insignis, 
Endoceras proteiforme, and Triarthrus spinosus. 

Correlation —aAt first sight this little biota and the character of the 
black shale gives one the impression that it is of the time of the Utica for- 
mation of New York. While some of the species obtained are also found 
in the typical Utica, others have not been found in New York. The ab- 
sence of T'riarthrus becki, the common trilobite of this horizon, is sus- 
picious, and raises the question whether the Macastey black shale may not 
be of later time. At Ottawa, Canada, the “Utica” has Asaphus canaden- 
sis associated with T'riarthrus spinosus, and these underlie shales of the 
“Hudson River,” which have, among other fossils, Catazyga headi. On 
Anticosti a local variety of the latter, C. anticostiensis, is associated with 
an undoubted Richmondian fauna, and as the genus Catazyga is unknown 
in older strata, the writers are led to believe that the Macastey black shale 
may also be of Richmondian time. The “Hudson River” shales are very 
widely distributed in the Saint Lawrence Valley, and at several widely 
separated places have yielded either Catazyga or Beatricea (Ottawa, 
Three Rivers, Lake Saint John), genera that unmistakably point to Rich- 
mondian time. The writers are therefore led to believe that the Macastey 
black shale is rather of early Richmondian than of late Mohawkian or 
Utica time. 


CINCINNATIC SYSTEM. RICHMONDIAN SERIES 


General discussion of the series—The visible strata of Anticosti, not 
less than 2,372 feet in thickness, are apparently of one uninterrupted 
sequence, beginning early in Richmondian time and persisting into what 
appears to be the equivalent of the Rochester stage of the Siluric. It will 
be shown that the faunas of the lower 1,139 feet are those known else- 
where in part as the Richmondian, while the upper 1,233 feet have the 
early Siluric aspect, and form a series of deposits to which Billings ap- 
plied the term “Anticosti group,” here changed to Anticostian series 
(= Niagaran) in conformity with modern usage. 

According to Richardson, the combined thickness of the strata of Anti- 
costi is 2,321 feet, and the authors’ restudy of his careful work determines 
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a very similar thickness. ‘These strata are essentially thin-bedded inter- 
stratified limestone and shales with a few thick zones of pure limestone 
and shale and rarely horizons of sandstone. ‘The zonal classification here 
adopted is in the main that of Richardson, first published in 1857 and 
later slightly changed by Logan.'* The “Hudson River group” of Bil- 
lings'* and the basal division of his “Anticosti group” are here referred 
to the Richmondian, and for the main part of his second group the series 
term Niagara will be used. 

The Richmondian series of Anticosti is clearly divisible into the three 
divisions as defined by Richardson. His Division A is best seen at the 
western end of the island at English Head, and these strata will here be 
referred to the English Head formation. Division B is well exposed on 
the north side at Charleton Point and Observation Cliff. The latter 
place is difficult of access, but at the former locality may be collected an 
abundance of fossils, and for this reason these strata will be named the 
Charleton formation. Richardson’s Division C must on faunal grounds 
be divided, and this designation will be retained only for the lower 180 
feet, the remainder of his C zones, C,,—-C,,, which have a thickness of 139 
feet, being referred to his Division D. ‘These lower beds of C are best 
studied about Ellis Bay, and they will be here named the H/l/is Bay for- 
mation, the higher beds being referred to the Becsie River formation. 

English Head formation (Richardson’s Division A).—The thickness 
of this formation is about 229 feet, and is divided by Richardson into six 
zones, here numbered A, to Ag. 

The lowest zone of this division, or A,, is thought to rest on the black 
Macastey shale. The actual contact can not be seen, but around Macastey 
Bay large pieces of the black shale are thrown on the shore, presumably 
by the storms, torn undoubtedly from the shallow depths beyond the 
reefs. How much of A, is concealed by the sea is not determinable. ‘The 
lowest strata of this zone are found on the reef at English Head, but at 
that point flakes of the black shale are rarely seen. The shale occurs in 
greatest abundance in the bay east of Macastey Mountain, where its 
presence is doubtless explained by increased wave action on perhaps an 
elevated portion of the sea bottom. In view of these facts, the writers 
prefer not to make estimates of the thickness that may exist down to the 
black shale contact. Division A consists of gray to light greenish thin- 
bedded limestone with thin partings of green and gray shales. At many 
levels zones of intraformational conglomerates occur locally, attaining to 


4 Richardson: Report of Progress, Geological Survey of Canada, 1857, pp. 206-235. 
Logan: Geology of Canada, 1863, pp. 221-223, 298-304. 
“Billings: Catalogues of the Silurian Fossils of the Island of Anticosti, Geological 
Survey of Canada, 1866, pp. 1-93. 
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more than 2 feet in thickness, which prove the shallowness of the sea 
during their deposition. 

The strata of this division are seen to best advantage at the west end, on 
the north side of Anticosti, about English Head and Macastey Bay. To 
the east of the last named place the lower portion of the capes is formed 
by the higher beds of A, and the “track bed” or Ag, the latter dipping 
below sea-level at the base of Observation Cliff. Beyond this point no 
strata of A occur, all the exposures belonging to higher divisions. On 
. the south side of the island Division A is not above sea-level. 

i: The zones of the English Head formation are as follows: 
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Early Richmondian beds. Feet 
a, A,. Seen on the reefs about English Head. Thickness............... 44 
4g A,. The lower part of English 25 


A,. The more fossiliferous lower portion of English Head............ 


Dinobolus beds. 
A, The main or upper beds making English Head.................. 63 
” In the lower portion are zones of Dinobolus in the greatest 
profusion. 
; A,. Seen to best advantage between English Head and about Macastey 
° Mountain, where portions of the higher beds of A, may also be 
; A, The “track bed,” with the impressions known as Serichnites 
a. abruptus, and seen at numerous places from English Bay to 
; Observation Cliff, 6 inches. 


‘The fauna is a large one and practically the same throughout this 
division. ‘The more diagnostic forms listed below are in the main de- 
rived from A, and A,: Streptelasma rusticum, Favosttes (?) prolificus 
“. (attains to 2 feet and more in diameter), Calapecia anticostiensis, ('lima- 
cograptus putillus, Dinobolus, n. sp. (A,), Hebertella maria, Dinorthis 
in porcata, Dalmanella meeki, Strophomena fluctuosa, S. hecuba, Leptaena 

nitens (close to L. unicostata), Rhynchotrema anticostiensis, R. perla- 
Pe, mellosa (but a single specimen from lower A,), Catazyga anticostiensis, 
Pterinea prolifica, Conradella pannosa, Liospira americana, Pterotheca cf. 
transversa, Ascoceras ? large n. sp., Actinoceras anticostiense, Camero- 
ceras, Ceraurus pleurexanthemus. 

Correlation.—-A hasty examination of the fossils of this division may 
give the impression that their age is that of the Black River or lower 
Mohawkian, but after further study it is seen that many species are 
a present which elsewhere are known only in the Richmondian. These 

: diagnostic fossils are found more especially to the west of the Cincinnati 
4 axis, as at Wilmington, Illinois, and Spring Valley, Minnesota. Such 
are Streptelasma rusticum, Climacograptus putillus, Dalmanella meek, 
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Strophomena fluctuosa, Leptena nitens or unicostata, Rhynchotrema 
anticostiensis, and R. perlamellosa. On the east side of the axis in south- 
western Ohio occur Streptelasma rusticum, Dalmanella meeki, Rhyncho- 
trema perlamellosa, and Catazyga headi, which is a local variation of C. 
anticostiensis. 

On the other hand, the strata of Division A continue without break 
into those of Division B, where the Richmondian fauna is in full develop- 
ment, and it must therefore be concluded that the former division also 
belongs to the Richmondian epoch. The writers would, therefore, corre- 
late the strata of Division A with the lowest two zones of the Ohio Rich- 
mondian—that is, the Arnheim and lower Waynesville. In the Arnheim 
R. perlamellosa does not occur, but is present in the Waynesville—occur- 
rences in harmony with the appearance of this shell on Anticosti. Of 
course, it is possible that the Anticosti series may have begun somewhat 
earlier than the appearance of this guide fossil in Ohio, and that there- 
fore the basal zones of A are of highest Maysvillian time. As to this, 
however, there is at present in the faunas no clear guidance. 

If the writers’ correlations be correct that the black shale of Macastey 
Bay is probably of Richmondian time and not the equivalent of the Utica, 
it follows that there is no time break between this black shale and the 
limestones of Division A. 

Charleton formation (Richardson’s Division B).—The strata of this 
division are 730 feet thick and are seen from English Bay east to Junc- 
tion Cliff on the south side of the island, and on the north side as far east 
as Table Mountain. Limestone conglomerate beds with small flat pebbles 
occur throughout and intraformational conglomerates more rarely. The 
zones of Richardson are grouped as follows: 


Rhynchotrema perlamellosa beds. Feet 
B, and B,. Gray limestones directly above the “track bed”........... 55 
B,, B, and B,. Reddish gray limestones with few fossils............. 133 


On the north shore these zones appear to be at least twice as 
thick, extending through fully 400 feet of strata above the 
“track bed.” 
Beatricea beds. 

B,. Reddish gray limestone with fossils more abundant.............. 102 


Beatricea appear at the base of this zone, and on the south 
side of the island continue through 702 feet of the higher 


strata. 
B,, B,, and B,. Gray limestones. Fossils are scarce, but the corals and 
Beatricea are here more common than below................. 179 


B,,. Concealed measures on south shore. On north shore the 70 feet 
of shale at the base of Point Joseph are thought to belong to 
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Zones B, and B,. On the south shore but few fossils are seen in these 
zones, and the same is true for zones B,—B,, all of which species are also 
those of Division A. On the north shore zones B, and B, are of less pure 
limestone with more shale and therefore yield more fossils. These may 
be seen from White Cliff eastward to the trap dikes of West Cliff. The 
more diagnostic fossils of these zones (especially of the north shore) are 
the following: Favosites (?) prolificus, Climacograptus putillus, Reteo- 
crinus fimbriatus, Sceptropora facula, Dinobolus n. sp. (B,), Dinorthis 
subquadrata, Strophomena neglecta, S. hecuba, Rhynchotrema anticosti- 
ensis, R. perlamellosa (common here), Catazyga anticostiensis, Byssony- 
chia subrecta, Billingsites canadensis, Isotelus alacer (of suse group), 
Cheirurus icarus, and Ceraurus pleureranthemus. 

Zones B,, B,, and B,;. On the south shore these zones are thin-bedded 
limestones with almost no shale and furnish but very few fossils, while on 
the north shore they are made up of an alternation of shales and lime- 
stones abounding in fossils. At Observation Cliff these strata may he 
studied to best advantage where there are 15 bands of limestone each 
about 10 feet thick, alternating with thin limestone and shale zones each 
about 20 feet in depth. The cliff here is about 350 feet high, at the 
bottom of which is the “track bed” making the top of Division A. No 
Beatricea were seen here, yet on the south shore they appear for the first 
time in B,, or 188 feet above the “track bed.” Zones B,—B, have there- 
fore on the north shore fully twice as great a thickness as the equivalent 
beds near the West End lighthouse of the south shore. At Cape Henry 
the highest beds of zones B,—B, may be seen, here consisting of 200 feet 
of thin-bedded limestones of a drab or grayish brown color. 

The fauna of these zones is a large one, of which may be mentioned 
Streptelasma angulatum, Calapecia cribriformis, Columnaria halli, Palas- 
terina rugosa, Dendrocrinus latibrachiatus, Reteocrinus fimbriatus, first 
abundance of Nematopora, Arthroclema, and Helopora, Cornulites rich- 
mondensis, Lingula quadrata, Dinobolus n. sp. (rare), Dalmanella meeki, 
Dinorthis subquadrata, Hebertella maria, Rafinesquina imbrer, R. squa- 
mata or ceres, Strophomena neglecta, 8. fluctuosa, 8. hecuba, Leptena 
nitens, Rhynchotrema perlamellosa, R. anticostiensis, Rhynchonella (?) 
janea, Catazyga anticostiensis (ranges throughout these zones on north 
and south shores), Conradella pannosa, Billingsites canadensis, Cheirurus 
icarus, Calymene callicephala, Illenus alacer, etcetera. 

Zone B,. On the southwest end of Anticosti this zone is seen in the 
abandoned sea cliff to the west of West End lighthouse. Here it is 102 
feet thick. On the northeast end of the island the equivalent strata are 
well exposed at Batiery Point. At both of these places the Beatricea 
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make their appearance, but on the north shore not until the upper part 
of this zone. Other fossils are Calapecia anticostiensis, Columnaria 
alveolata, C. halli, Favosites (?) prolificus, Beatricea undulata (most 
abundant), B. nodulosa (rare), Dinobolus, n. sp., Clitambonites diversus, 
Leptana nitens, Rhynchotrema anticostiensis, Rhynchonella (?) janea, 
etcetera. 

Zones B,—B,,. On the southwest shore of the island these beds do not 
vield a fauna, but Beatricea are seen sparingly throughout. 

On the north shore the same zones are first seen at Steamer Bow, where 
40 feet of thin limestones and shale are exposed, the base being concealed. 
Following an unexposed area in Broom Bay, there are at Point Joseph 70 
feet of arenaceous shale with thin limestone, succeeded by a cross-bedded 
sandstone. It is at the base of this sandstone (see page 703) that for 
the present the writers would draw the dividing line between B and C. 
There is here, then, 110 feet of measured beds and two intervals, each 
more than a mile long, in which the thickness of the strata is not known. 
It therefore follows that the thickness of 261 feet for these zones on the 
south shore is paralleled by a similar depth on the north shore. 

Correlation—In this division there are present many of the typical 
middle and upper Richmondian fossils of southwestern Ohio (those of 
the Waynesville to Elkhorn zones)** and, as well, others found to the 
northwest of the Cincinnati axis. It is also to be noted that the very 
diagnostic Beatricea appear in the Saint Lawrence sea above the lower 
third of Division B, and in the Mississippian sea not earlier than the 
upper Richmondian at the base of the Liberty beds. In these conditions 
is thought to exist safe guidance for correlating Anticosti Divisions A 
and B as about equivalent to all of the Richmondian of the Mississippian 
sea. 

The fossils of zone B of Anticosti that also occur or have close allies 
in the Richmondian of the Mississippian sea are the following: Beatricea 
undulata, B. nodulosa, Calapecia cribriformis, Columnaria halli, C. 
alveolata, Favosites (?) prolificus, Climacograptus putillus, Reteocrinus 
fimbriatus, Dendrocrinus latibrachiatus, Palasterina rugosa, abundance 
of Nematopora, Arthroclema, Helopora, and Sceptropora facula, Dinor- 
this subquadrata, Dalmanella meeki, Strophomena neglecta, S. fluctuosa, 
Leptena nitens or unicostata, Rhynchotrema anticostiensis, R. perlamel- 
losa, Catazyga anticostiensis, Byssonychia subrecta, Conradella pannosa, 
Cheirurus icarus, and Illenus alacer (suse group). 

The most striking difference between the fauna of Anticosti Divisions 


%Cumings: Thirty-second Annual Report of the Department of Geology, Indiana, 
1907. 
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A and B when contrasted with the Ohio Richmondian is the almost total 
absence in the former region of the Trepostomata bryozoa. The Atlantic 
waters of this time seem to have had no great development of these ani- 
mals, for the same condition also occurs in Europe. In the Ohio region 
of the Mississippian sea these bryozoans are in wonderful abundance. 
To the west of the Cincinnati axis they are also scarce, but here they are 
more often seen than on Anticosti. 

In the Ohio region Beatricea ranges from the base of the Liberty to 
the top of the Elkhorn, a thickness of probably less than 100 feet, but on 
00 Anticosti these fossils range through 702 feet of limestones. Here the 
s: forms of life generally endured a long time, and the Gulf of Saint Law- 

. rence may be regarded as on the continental shelf in close proximity to 
‘4 the permanent Atlantic (Poseidon) Ocean, where the physical conditions 


xf were more equable than in the Mississippian continental sea. Another 
pr striking case is the brachiopod Catazyga headi, that in the Ohio region is 
° restricted to a very limited zone, usually one of a few inches, while on 
” Anticosti C. anticostiensis ranges through all of A and the lower third 
” of B, or through 320 feet (south shore) to 430 feet (north shore) of lime- 


stones and shales. Dinorthis porcata occurs for the first time in the Eng- 
lish Head stage A,—-A,, and reappears again at the base of the Ellis Bay 


+ formation. 

ro At Stony Mountain, Manitoba, occurs a Richmondian fauna that is 
“a more clearly related to zone B, than to the higher beds. Whiteaves*® has 
a listed 55 species from this western locality, and of these the following 
"e. also occur on Anticosti: Streptelasma rusticum, Favosites (?) prolificus, 


Protarea vetusta, Beatricea undulata, B. nodulosa, Sceptropora facula, 
Strophomena neglecta, S. fluctuosa, Rafinesquina ceres, Leptena nitens, 
" Dinorthis porcata (the writers have seen this species from Stony Moun- 
tain), Rhynchotrema perlamellosa, R. anticostiensis, and Cheirurus 
yy icarus. When the Anticosti fauna is completely known there will cer- 
tainly be other common species added to the above list. 

The Charleton formation, is not seen again to the west of Anticosti for 
: 375 miles, when it reappears at Lake Saint John, at the head of the 
a4 Saguenay. Here Billings reports Catazyga headi and Beatricea. The 
next occurrence is at Three Rivers, to the west of Quebee City, more than 
.* 50 miles west of Anticosti. (. headi also occurs at that locality. 


CINCINNATIC SYSTEM. GAMACHIAN SERIES 


General discussion of the series—The Gamachian series, also of the 
Cincinnatic system, follows the Richmondian series and has no known 


1% Whiteaves: Geological Survey of Canada. Palwozoic Fossils, vol. iii, Pt. II, 1895, 
pp. 111-128. 
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representative elsewhere in North America. These strata are seen to 
best advantage at Gamache (or Ellis) Bay, where the characteristic fos- 
sils of the series occur in abundance. On Anticosti it embraces all of the 
Ellis Bay stage, but eventually it may possibly be shown that the upper 
portion of the Charleton stage should be included in this series. In other 
words, this Gamachian series is intended to include all American deposits 
later in age than the youngest Richmondian of Indiana and Ohio and 
older than the Anticosti series, which in the United States is thought to 
have its basal equivalent in the typical Medina and Edgewood stages. 

Ellis Bay formation (lower half of Richardson’s Division C).—The 
various zones of this formation are best seen about Ellis Bay, at the 
southwestern end of Anticosti Island. The lowest strata are met with 
at Junction Cliff, the first prominent cliff to the east of West Point light- 
house, and the higher beds appear in order to Cape Henry, the western 
point of Ellis Bay. In this bay may be seen the zones from C, to C,. In 
White Cliff and on the adjacent reef on the eastern side of Ellis Bay may 
be studied the zones C, and C,, and the succeeding strata come in as one 
goes eastward to Bear Cliff, the eastern horn of the bay, where the divid- 
ing line between C and D is laid at the top of Richardson’s C,,. These 
eleven zones of the Ellis Bay formation have a united thickness of 180 
feet. They are the eleven lower divisions of C as defined by Richardson ; 
the remaining three higher zones of his C are here referred to Division D. 
As will be pointed out, the fauna of these higher beds is clearly still 
Richmondian ; but a number of forms are introduced that continue into D 
and are prophetic of the nearness of Siluric time. 

The Ellis Bay formation consists largely of thin-bedded gray limestone 
with shale partings and distinct zones of shale, particularly in the lower 
half, in which fine fossils abound. Toward the top the first well devel- 
oped coral reefs are present—a faunal aspect that often dominates the 
higher formation. 

The zones of Richardson’s section, somewhat emended, are as follows: 


Dinorthis porcata beds (second occurrence). Feet 
C, to C, or Junction Cliff beds. Lower 20 feet consist of blue shale 
with thin limestones. There is more shale here than in the 
upper 40 feet, where the brittle and hard gray to bluish gray 
limestones with thin shale partings become more prominent... 
C,. Ash gray argillaceous limestone interbedded with shale. To be 
seen just east of Menier’s wharf, Ellis Bay, in a small quarry.. 


Parastrophia reversa beds. 


C,. Ash gray argillaceous limestones and shales 

C, to Cy. Ash gray argillaceous limestone with little shale. Below. 
the beds are of the ash gray color, but at the top they are 
darker and thinner-bedded. Seen in White Cliff. Ellis Bay... 
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Hormotoma gigantea beds. Feet 
C,. Gray to greenish nodular limestone with greenish shale. Last 
occurrence of Beatricea. Seen on the east and west sides of 

Ellis Bay, Point Laframboise, and Prinstie Bay of north shore. 12 


First marked coral reef beds. 
Cy. Thin-bedded gray limestones abounding in Schuchertella pecten.. 10 
C,,. Coral reef limestone. Corals in domes up to 3 feet high. Seen at 
Point Laframboise, Capes Henry and Eagle.................. 


Zones C, to C,;. Junction Cliff or Dinorthis porcata beds. The lower 
20 feet of this zone abound in Dinorthis porcata, with which are asso- 
ciated Platystrophia biforata (as in C,), Orthis laurentina (rare, first 
appearance), Clitambonites diversus, Leptena rhomboidalis (first appear- 
ance), Hindella umbonata (rare, first appearance), Atrypa marginalis 
(first appearance and rare), Byssonychia subrecta, Columnaria halli, and 
Protarea vetusta (Richmondian form). 

From the higher beds, or the upper 40 feet, there are the same brachio- 
pods, but here D. porcata is rare and O. lawrentina is common. Atrypa 
marginalis is also more common, and at the very top becomes the most 
abundant fossil, a few beds of C, being found composed almost wholly of 
this form. 

Zone ©,. Ellis Bay or Parastrophia reversa beds. This horizon in the 
shale beds is profuse in good fossils, of which the following are the more 
diagnostic forms: Hindia spheroidalis, Pasceolus, Stromatopora, Favo- 
sites (?) gothlandicus, Heliolites (?) speciosus, H. (?) exiguus, Lingula 
quadrata, Platystrophia biforata, P. ef. reversata (both species are of the 
European stock, with odd number of plications on the fold), Orthis fla- 
bellites, O. laurentina, Dinorthis porcata (rare), Hebertella maria, Lep- 
tena rhomboidalis, Rafinesquina imbrex, Strophomena fluctuosa, Schu- 
chertella pecten (first time), Clitambonites diversus, Parastrophia reversa 
(in profusion), Rhynchonella (?) janea, Atrypa marginalis, Hindella 
umbonata (greatest abundance), Byssonychia subrecta, B. superba, Con- 
radella pannosa, Billingsites canadensis, etcetera. 

Zone C,. Ellis Bay. The fauna has Pasceolus, Beatricea undulata, 
Orthis laurentina (very common), Hebertella maria, Clitambonites di- 
versus, Leptana rhomboidalis, Schuchertella pecten, Atrypa marginalis. 
Hindella umbonata (small), and Jsotelus of suse type. At the top of 
this zone occur the additional forms Platystrophia cf. reversata, P. bifo- 
rata (small), Phylloporina, Encrinurus, and Cyphaspis cf. girardeau- 
ensis. 

Zone C,. North shore. On the northeast shore at Table Mountain, West 
Brook of Prinstie Bay, and in the lowest sandstone with nodular shale 
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above at Cape James, there is a coral reef just below the Hormotoma 
gigantea zone of C,. The chief fossils are Favosites gothlandicus, Colum- 
naria halli, Calapecia anticostiensis, Beatricea undulata (common), B. 
nodulosa (rare), Orthis cf. davidsoni, Platystrophia cf. reversata, Schu- 
chertella pecten, Strophomena fluctuosa, Hindella umbonata, Illenus 
orbicaudatus. 

Zone C,. South shore. HHormotoma gigantea beds. The fossils here 
are still those found in C,, but Beatricea and Hindella umbonata are seen 
here for the last time. The more characteristic species are Halysites 
catenulatus, Heliolites affinis, H. tenuis, Protarea vetusta, Stromotopora, 
Favosites gothlandicus, Dinobolus cf. davidsoni, Platystrophia biforata, 
Orthis laurentina (rare), Dinorthis porcata, Hebertella maria, Leptena 
rhomboidalis, Plectambonites sericeus, Strophomena fluctuosa, Schuchert- 
ella pecten, Clitambonites diversus, Parastrophia reversa, Rhynchotrema 
anticostiensis, Rhynchonella (?) janea, R. (?) nutrix, Atrypa marginalis. 
Hindella umbonata (rare), Cornulites richmondensis, Subulites elongatus, 
Hormotoma gigantea, H. rugosa, Salpingostoma richmondense, Cyrto- 
lites desideratus, and Ascoceras newberryji. 

Zone (,. North shore. The fauna here is very much like that of the 
south shore. The strata may be seen in the back part of Prinstie Bay 
and in the higher arenaceous limestones of Cape James, lying above the 
upper sandstone horizon. Some of the species are Pasceolus halli, Bea- 
tricea, Stromatopora, Halysites catenulatus, Heliolites affinis, Columnaria 
halli, Favosites gothlandicus, Platystrophia biforata, Leptena nitens 
(rare), Schuchertella pecten, Rhynchonella (?) janea, Hindella umbo- 
nata (common), Cornulites richmondensis, Hormotoma gigantea, H. 
rugosa, and Cyrtolites desideratus. 

The lower zones of C (C, to C,) appear to be represented along the 
north shore by a thick sandstone showing in many. places deposition by 
agitated waters. The sands are composed of fine quartz and calcite 
grains, the latter dominating in the upper part where the corals appear. 
These strata do not have a large fauna except in the higher beds, while 
some of the lower sandstones show practically no fossils. Above the 
arenaceous shale forming the base of Point Joseph, at the top of which 
the line between B and C is drawn, there follows a 15-foot bed of fine 
grained cross-bedded sandstone and 30 feet of arenaceous shale, which 
carries the section to the west side of the Bay du Gros Caillou. A con- 
cealed area extends the section to the foot of Grindstone Cliff, where an 
additional thickness of 60 feet of fine grained thin-laminated undulatory 
sandstone was measured. The above beds contain few fossils. Still 
higher are other sandstones forming the base of the east end of Cape 
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James, which are literally filled with large corals and Beatricea. Here 
an additional 40 feet was measured. This gives these lower divisions a 
thickness of at least 145 feet. 

Zone C,,. South shore. The lower half of this zone is a coral reef of 
Zaphrentis (8 inches long), Stromatopora, Favosites gothlandicus, Haly- 
sites catenulatus, Heliolites (?) exiguus, and H. (?) affinis. Above the 
reef occur Platystrophia biforata, Clitambonites diversus, Leptena rhom- 
boidalis, Schuchertella pecten, Parastrophia reversa, etcetera. 

Correlations—An analysis of the faunules in zones C, to C,, clearly 
shows that they have still the Richmondian aspect, for many of the spe- 
cies are derived from Division B. Some of the new forms introduced 
here as Dinorthis porcata (second occurrence), Leptena rhomboidalis, 
and Parastrophia reversa are also of this aspect. On the other hand, a 
new character is given this higher Richmondian fauna by the appearance 
of Stromatopora, Halysites, a greater abundance of Heliolites (?), 
Platystrophia biforata (European stock), P. ef. reversala, Orthis lauren- 
tina, O. flabellites, O. ef. davidsoni, Schuchertella pecten, Rhynchonella 
(?) janea, Atrypa marginalis, and Hindella umbonata—forms indicating 
the nearness of Siluric time. No fauna like this is known in the Missis- 
sippian sea, and it falls in between the time of the highest Richmondian 
and the fossiliferous Medina formations of the United States. 

The Ellis Bay formation closes the Ordovicie as in general use, or the 
Cincinnatic as recently defined by the senior author.'* 


SILURIC SYSTEM. NIAGARAN (ANTICOSTIAN) SERIES 


General discussion of the series.—Billings, in his work on the strata of 
Anticosti, drew the line that he thought separated the Ordovicie from the 
Silurie at the top of his Division B. In the: preceding pages it has been 
shown that all of Richardson’s zones, from C, to C,,, inclusive, retain the 
Richmondian fauna of Division B, but that to the fauna of these zones 
are added a number of corals and brachiopods either persisting into the 
Siluric or forms transitional in development between the Richmondian 
and Clinton faunas. The Richmondian aspect of the fauna of Division 
C is clearly maintained throughout to the close of C,, and even through 
C,, and C,,, but in the final 15 feet of the two last named zones nearly 
all of the Ellis Bay fauna characteristic of this formation vanishes, and 
only a meager biota of Siluric species persists into the next higher Becsie 
River formation. The writers have, therefore, removed the greater part 
of Division C from the Anticosti group as defined by Billings, and drawn 


 Schuchert: Bulletin of the Geological Society of America, vol. 20, 1910, pp. 487-489. 


° 
° 
* 
‘isd 
3 4 
4 


NIAGARAN (ANTICOSTIAN) SERIES 705 


the line between the Cincinnatic and Siluric periods or systems between 
Richardson’s zones C,, and C,,. 

Becsie River formation (Richardson’s C,, to (,, and D,).—The Beesie 
River formation can be seen on the south shore beginning at Bear Cliff 
and extending eastward to Otter River. The strata here have a thickness 
of perhaps 200 feet, an estimate which is about 40 feet less than that 
given by Richardson, this reduction relating entirely to D,, which Rich- 
ardson gives as 100 feet. This formation consists of yellowish gray to 
brown, argillaceous, brittle, nodular and shell limestones, with shale 
partings, and without zones of conglomerate. 

Along the north shore this formation begins at Lousey Cove and forms 
the line of cliffs and coves extending eastward to Fox Bay. Its upper 
limit is arbitrarily placed at the east horn of Fox Bay. As will be shown 
later, the strata of Fox Bay belong to the next succeeding formation. 
Few fossils were obtained on the north side, as the weather did not per- 
mit access to many of the cliffs and much is concealed in the upper half, 
but the thickness is probably slightly in excess of 200 feet. The zones 
of the Becsie River formation are characterized as follows: 


Phenopora expansa beds. Feet 
D, (Richardson’s C,,). South shore. Gray limestones with argil- 
laceous partings 
Has Brachyprion leda, Schuchertella pecten, Parastrophia n. 
sp. 1 (transitional between P. reversa and Clorinda barrandii), 
and Atrypa marginalis. 
D, (=C,,). South shore. Brownish gray, argillaceous, brittle, nodular 
limestones, interstratified with thin shale bands. Forms Bear 


Has Stromatopora, Favosites gothlandicus, Rhipidomella cir- 
cula (a Clinton species), Brachyprion leda, Parastrophia n. sp. 
1, Clorinda n. sp., Atrypa marginalis, and Anoplotheca plano- 
convera (common, the Dundas, Ontario, Medina form). 

D, (=C,,). South shore. Brownish gray thin-bedded limestones form- 

ing outer beds of Long Point 

Has Stromatopora, F. gothlandicus, Phanopora expansa 
(common), Rafinesquina ceres or profunda, and Parastrophia 
n. sp. 1. 

Clorinda barrandii beds. 


D, (=D,). South shore. Thin-bedded grayish to brownish gray some- 
what arenaceous limestone with almost no shale partings. 
Richardson gave the thickness as 100 feet, but there is believed 
to be little more than... 60 

These beds may be seen between Long Point and Whale Cliff, 
and especially at Becsie River and Duck River. All of the 
strata have Clorinda barrandii, but they are especially abundant 
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in the lower 30 feet. The higher 20 feet are marked by an 
abundance of Phenopora expansa. Other common fossils are 
Stromatopora (very common), Halysites catenulatus, Favosites 
gothlandicus, Bridophyllum cf. rugosum, Heliolites exiguus, 
Pachydictya cf. obesa (very common), Orthis flabellites, Schu- 
chertella pecten, and Conchidium n. sp. 


Correlation.—The meager fauna of zones D, to D, is unlike any other 
American late Ordovicic or early Siluric assemblage. Of the previous or 
Ellis Bay fauna very little remains in these zones other than the corals 
and a few long enduring brachiopods. The new or migrant forms are 
Siluric in aspect, as Phenopora expansa, Pachydictya cf. obesa, Rafin- 
esquina profunda (a later development of the earlier R. ceres), Orthis 
flabellites, Schuchertella pecten, Anoplotheca planoconveza, Clorinda bar- 
randii, and the transitional forms between Parastrophia reversa and Clo- 
rinda barrandii. Why the Richmondian fauna so largely dies out in the 
upper part of the Ellis Bay formation and only a few forms continue 
into the Becsie River formation is not clear. It is true that the physical 
environment in the two formations as observed along both shores was 
slightly different, there being more shale in the lower formation. This 
no doubt had its influence in eliminating and introducing new forms, but 
it is not thought to have been the major cause of the rather marked 
change in the faunas. One is therefore compelled to look elsewhere for 
the explanation of this faunal change. That somewhere there was a 
physical change of great importance is seen in the diminished fauna and 
in the gradual introduction of new migrants. This physical change is 
believed to have been caused by the mountain-making movements closing 
the Cincinnatie period, producing here a different depth of water as indi- 
cated by the greater importance of limestone deposition and probably a 
different alignment to the Poseidon (North Atlantic) currents. For 
these reasons the writers feel justified in beginning the Siluric period as 
here delimited. This divisional line is, of course, a somewhat arbitrary 
one, as there is no apparent break here in sedimentation, nor is there a 
particularly marked change in the character of the deposits. The evi- 
dence is, therefore, wholly of a faunal character, reflecting important 
physical events going on elsewhere. 

In this connection the authors wish to emphasize the marked differ- 
ences in the faunas of the Ellis Bay and the Becsie River formations. In 
the former the unmistakable Richmondian aspect is maintained to the 
end, although there is a great dying out of species in the final 15 feet. 
Some species continue into the Becsie River and later formations, but 
the number is probably not greater than six or seven, and these are not 
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typical Richmondian species, but rather Siluric forms. On the other 
side, the Becsie River deposits often abound in fossils, and yet the species 
are few in number and all are Siluric in aspect. ‘The writers realize that 
such differences in the faunas are most readily explained by assuming a 
time break between the Ellis Bay and the Becsie River formations and 
that the latter rests disconformably on the former. At the time these 
field studies were made, no physical evidence of an hiatus was observed, 


“ but it may be that such actually exists. Such contacts are very easily 

Is passed over, and especially when one accepts the conclusion of Billings 

re and Richardson that the entire Anticosti strata represent an unbroken 

n- series beginning in the early Richmondian and continuing well up into 3 

is the Siluric. On the other hand, the appearance of the yellowish gray Zz 

“ to brown brittle limestone characterizing this formation, and occurring cr) 

0° at various levels from A to EK, is always accompanied by a sparse fauna.- 

he At the top of Junction Cliff this type of limestone is marked by Atrypa 

1e marginalis almost alone, and such may be in part the explanation for the 

al faunal change at the base of the Becsie River formation. 

a8 The nearest approach to the faunas of zones D, to D, are those of the 

is sandy strata referred to the Clinton and occurring at Dundas, Flambor- 

at ough Head, Thorold and Hamilton, Ontario, and in the lower thin- 

d bedded arenaceous shales of the upper Medina of the Niagara River gorge 

- at Evans Gully. At the latter place these strata are always regarded as 

a of the upper Medina, but in a distance less than 30 miles to the nortii- 

d west the identical horizons are referred by Logan’* to the Clinton. The 

is thickest section is near Dundas and measures about 100 feet in depth, a 

g development in harmony with the upper Medina of the Niagara River 

“a gorge. In the lower 10 feet just above the “gray band” occur, near 

a Dundas, Zaphrentis stokesit, Helopora fragilis, Pachydictya crassa, Phe- 

T nopora ensiformis, Rhinopora verrucosa, Leptena rhomboidalis, Schu- 

- chertella pecten, Dalmanella elegantula, Rhynchonella (?) neglecta, Ano- 

plotheca planoconvexa, Whitfieldella naviformis, Atrypa_ reticularis, 

Spirifer radiatus, Modiolopsis orthonota, Murchisonia (?) subulata, and 

‘. Encrinurus punctatus. In higher strata occur the same species, espe- : 

it cially the typical Medina forms, but A. planoconveva is restricted to the ; 
lowest beds. 

~ At Hamilton, Ontario, the senior author has gathered the identical 

m fauna in the so-called Clinton beds, here having Arthrophycus harlani, (g 

= and again, but in fewer species, in Evans Gully, near Niagara Falls, in a 4 

t. zone 25 feet thick above the heavy bedded sandstone making here the 


“Logan: Geology of Canada, 1863, pp. 312-315. 
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base of the upper Medina. Beneath the last are the red marls of the 
lower Medina. There can be no doubt that at all of these places we are 
dealing with the basal beds of the upper Medina. 

From these statements it is seen that the upper Medina, which is now 
commonly referred to as the typical Medina, includes beds that are clearly 
Siluric, and in time not far removed from the Clinton. The Medina 
fauna has three or four species that are seen only in the Becsie River 
formation, while some of the other forms first appear in the succeeding 
beds. Nevertheless, there is very little in common between the Medina 
and the Becsie River formation. Until the faunas of these four zones 
have been completely studied a more detailed correlation can not be made. 
It is thought, however, because of the absence of Spirifer radiatus, Atrypa 
reticularis, Dalmanella elegantula, and Encrinurus punctatus in the Bee- 
sie River formation, that it is older than the upper Medina. 

A somewhat similar fauna occurs in the Edgewood formation of Illi- 
nois and Missouri.’® So far as known, these species are Stromatopora, 
Zaphrentis, Calapecia canadensis, Lyellia thebesensis, Clathrodictyon 
vesiculosum, Favosites cf. asper, Halysites, Tentaculites incurvus, Lingu- 
lops, Dalmanella cf. meeki, Orthis cf. callactis, Leptena rhomboidalis, 
Rafinesquina mesacosta, Schuchertella missouriensis, Rhynchotrema cf. 
inequivalvis, R. cf. dentata, R. janea, Rhynchotreta thebesensis, Triplecia 
n. sp. (plicate type), Clorinda, Atrypa marginalis, A. putilla, Spirifer cf. 
sulcatus, Hindella (?) billingsana, Cypricardinia cf. arata, Conradella 
ef. dyeri, Encrinurus, Proetus determinatus, Lichas clintonensis, and 
Homalonotus. The time of this fauna may be that of the zones D, to D,, 
but it is evident that the source of this life is not that of the North 
Atlantic, for genera are seen here unknown in the Becsie River formation. 

Gun River formation (Richardson’s Division D, excepting D,).—The 
Gun River formation, as exposed on the south shore, consists essentially 
of ash gray to yellowish white limestone (the bituminous limestones of 
Richardson, Geological Survey of Canada, 1857, page 301), usually in 
thin beds interstratified with but little shale. Coral reefs are a marked 
feature of the lower half of this formation, and with them intraforma- 
tional conglomerates are often associated. Thin zones of conglomerate 
consisting of small flat pebbies lying horizontally in a limestone matrix 
are also common, particularly in the upper portion. The thickness of 
the formation is about 400 feet. The strata on the south shore may be 
seen from Saint Anns Cliff to within one mile of Jupiter River. Excel- 


%# Schuchert : Journal of Geology, vol. 14, 1906, p. 728. 
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lent sections may be obtained at the type locality where Gun River flows 
across the strata. 

On the north shore this formation may be seen from Wreck Beach to 
East Cliff, where excellent sections are obtainable. Here considerable 
shale is present in the lower part of the formation and a fauna different 
from the equivalent beds of the south shore. The higher strata are more 
calcareous and have more coral reefs than those of the south shore. 

The detail of the various beds is as follows: 


Hyattella congesta beds. 

D, (=D,-D,). South shore. Ash gray to yellowish white thin-bedded 
limestones abounding in corals and intraformational con- 

These zones may be seen to best advantage at Saint Marys, 
Saint Anns, and in the lower portion of Hannah Cliff. The 
more common fossils are Stromatopora, Favosites gothlandicus, 
F. venustus, Halysites catenulatus, and Conchidium. 


D, (=D,). South shore. Pinkish gray limestones with thin shale 
partings and local coral reefs 
These beds may be seen at the top of Hannah Cliff and east- 
ward to 3 miles west of Gun River. Of fossils there are 
Stromatopora, Favosites gothlandicus, F. venustus, Heliolites 
affinis, H. exiguus, Zaphrentis (?) pygme@a (very small, in 
greatest profusion), Rhipidomella cf. circula, Rafinesquina pro- 
funda (very common), Rhynchonella bidens (abundant), R. cf. 
glacialis (common), Hyattella congesta (first appearance at 
base of this zone in small specimens), Whitfieldella (small), 
Platyceras cf. niagarense, Calymene cf. vogdesi (large), and 
an abundance of small ostracoda. 


D,. North shore. On the west side of Fox Bay and on the east side at 
Reef Point this zone is to be seen. At Reef Point Heliolites 
exiguus is extremely common. At the other place were collected 
Orthis flabellites, Schuchertella pecten, and Hyattella congesta. 


D, (=D,-D,). South shore. Same character of strata as before. 
Seen about Gun River and to the west and to the east of this 

Same corals as before. Pasceolus, Semicoscinium, Pheno- 
pora expansa, Helopora fragilis, Pholidops ovata (exceedingly 
abundant), Orthis flabellites, Rafinesquina profunda, Schuchert- 
ella pecten, Rhynchonella bidens, Hyattella congesta, Leper- 
ditia (large), and Illenus. 

D,. North shore. These zones of the south shore are here developed 
under different physical conditions and have a resulting differ- 
ent faunal assemblage. On the south shore the habitat was 
one of limestone, while on the north shore the environment was 


XLIX—BUuLL. Grou. Soc. AM., Vou. 21, 1909 


the 
are 
OW 
rly 
ina 
ver 
ing 
ina 
nes Feet 
de. 
jpa 70 
ra, 
jon 
qu- 
lis, 
ef. 
cla 
ef. 
lla 
nd 
D,, 
th 
on. 
‘he 
ily 
of 
in 
ed 113 
1a- 
ate 
rix 
of 
be 
el- 


SCHUCHERT AND TWENHOFEL—ORDOVICIC-SILURIC SECTION 


Feet 
one largely of muddy bottoms. ‘The fossils are plentiful and in 
excellent preservation on Wreck Beach, the Gull Cape of Rich- 
ardson. The section here beginning at the base is as follows: 


Rhynchonella fringilla-glacialis beds. 
Blue to gray shale with thin gray limestones................ 


Thin-bedded limestomes and .. 

The shale zone or lower 50 feet has an abundance of Alveo- 
lites labechi, Favosites gothlandicus, F. ef. favosus, Rafines- 
quina profunda, Schuchertella pecten, Rhipidomella ef. circula, 
Rhynchonella glacialis, R. fringilla (both species are prolific). 

From the limestone series are recognized Favosites goth- 
landicus, Climacograptus n. sp., Brachyprion leda, Rhipidomella 
circula, and Rhynchonella bidens. 


D, (=D,-D,). South shore. Gray and light blue thin-bedded lime- 
stones and conglomerates with small flat pebbles in limestone 

The more common fossils are Pasceolus, Heliophyllum (6 
inches long), Favosites gothlandicus, F. venustus, Halysites 
catenulatus, Climacograptus cf. ulrichi, Helopora fragilis, Schu- 
chertella pecten, Triplecia ortoni (first appearance and rare 
here), Stricklandinia lens (first appearance and rare here), 
Atrypa reticularis (first time), Hyattella congesta (also the 
var. quadricostata), Rhynchonella bidens, and small ostracoda 
(common). 


D,. North shore. These zones are well exposed in the cliff west of 
Sand Top Bay. Here there are 150 feet of limestones and 
shales. Between these strata and those of Wreck Beach there 
is a concealed zone in which 50 to 70 feet of strata may be 
hidden. The recognized fossils arg Pasceolus, Favosites cf. 
favosus, Rhynchonella fringilla (very rare), and Stricklandinia 
lens (common). 


D, (=D,-D,) or Triplecia ortoni beds. South shore. Ash gray to 
reddish gray thin-bedded limestones weathering to yellowish 

Seen from 214 miles west of Jupiter River to near the Jupiter 
River Cliff. The fauna here listed is from the lower 65 feet 
and the specimens are excellent. Among them are: Bilobites 
bilobus, Hebertella fausta ?, Leptena rhomboidalis, Plectam- 
bonites n. sp., Schuchertella pecten, Triplecia ortoni (common, 
a variety of the Ohio form), Pentamerus cf. oblongus (an 
elongate early form), Clorinda n. sp. (not fornicata), Atrypa 
ef. rugosa, A. reticularis, Anoplotheca hemispherica (first ap- 
pearance), Nucleospira n. sp. (also in E,), Platyceras niagaren- 
se, Ilenus cf. daytonensis, Acaste orestes, Cheirurus nuperus ? 


| | 
50 
Brownish gray nodular thin-bedded limestones............... 20 
Thick-bedded gray limestones with some corals............... 40 
t 
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this term in the widest sense. 
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vantage at Hast Cliff, where about 150 feet of limestone with 
some shales occur. 

The lower 30 feet of this section is a coral reef of corals and 
coral conglomerate, with some nodular limestone. These strata 
also make up the submerged East Cliff reefs, and because of 
their very rough character are very dangerous to navigation. 
The fossils are essentially corals—Stromatopora, Favosites 
gothlandicus (mural pores seen), F. favosus, Strombodes dif- 
fluens, Eridophyllum cf. mutticaule, Halysites 2 species, Platy- 
strophia biforata (same in C,), Leptena rhomboidalis, Schu- 
chertella pecten, Pentamerus oblongus (rare), Rhynchonella 
bidens, Atrypa reticularis, Anoplotheca hemispherica, and an 
abundance of ostracoda. 

The coral reef is followed by about 10 feet of blue limestone 
with shale partings, above which are 40 feet of granular lime- 
stones also with shale partings. Here the corals are rare and 
do not make reef limestone. Slabs are covered with small 
bryozoans and Clinton ostracoda. Other fossils are Rafines- 
quina profunda, Brachyprion leda, Schuchertella pecten, Rhyn- 
chonella bidens, Atrypa reticularis, Anoplotheca hemispherica, 
Homeospira n. sp., Hyattella congesta, and Stricklandina lens. 

The above zone is followed by another that may be called the 
Hyattella congesta zone because of the abundance and large 
size of this brachiopod. The lower 35 feet are bluish gray 
thin-bedded nodular limestone with shale partings, followed by 
10 feet of granular shell or pentameroid limestone. The more 
common fossils are Favosites gothlandicus, Heliolites exiguus, 
Cornulites, Plectambonites transversalis, Brachyprion  leda, 
Rhynchonella bidens, Atrypa reticularis, Hyattella congesta 
(very common in the lower 35 feet and rare in the upper 10 
feet, where the shell is seen for the last time), Stricklandinia 
lens, S. lirata, and Pentamerus oblongus (the pentameroids 
here becoming very abundant). s 

The highest strata of East Cliff are 30 feet of grayish brown 
nodular limestone with fewer fossils, followed by the terminat- 
ing 10 to 15 feet of gray to white shell limestone abounding in 
the pentameroid Stricklandinia lens. Other fossils are Rafines- 
quina profunda, Orthis flabellites, Atrypa reticularis, Anoplo- 
theca hemispherica, and Tremanotus. 


Correlation—An inspection of the fossils cited in the various beds of 
the lower part of the Gun River formation (/yattella congesta beds) ad 
will show that the fauna clearly has the impress of “Clinton” time, using 
This is seen in the following species: “ 
many of the corals, Phanopora expansa, Helopora fragilis, Rhipidomella 


Feet 
D,. North shore. The equivalent of these zones is seen to great ad- 
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circula, Orthis flabellites, Rafinesquina profunda, Rhynchonella bidens, 
Stricklandinia lens, Atrypa reticularis (first appearence), Hyatteila 
congesta, Platyceras, and Calymene cf. vogdesi. However, when one 
attempts to correlate this zone with any of the Clinton formations of the 
United States difficulties at once beset the comparisons, because the lower 
Gun River fauna is a generalized assemblage, having species that are 
restricted either to the Appalachian area, western New York, or the Ohio 
region. 

The same generalized Clinton assemblage also marks the upper Gun 
River in the T'riplecia ortoni beds. Here the New York, or Appalachian, 
species, Rhynchonella bidens, Stricklandinia lens, Pentamerus oblongus 
(first appearance in this zone, and then remains throughout the higher 
beds to the end of E), Anoplotheca hemispherica (same range as last 
species), and Hyattella congesta, are associated with Triplecta ortoni. 
The latter, elsewhere than Anticosti, is only seen in the region of the 
Cincinnati axis from Ohio to Oklahoma, and in Alabama, where it occurs 
underneath the Rockwood Clinton. 

The Ohio Clinton is devoid of Pentamerus oblongus, Atrypa reticularis, 
and Anoplotheca hemispherica, brachiopods unknown in the lower Gun 
River formation. If these are reliable time indicators, then it may be 
said that the Ohio Clinton holds about the time of the lower Gun River 
and that in the south 7'rip/ecia ortoni appears in profusion earlier than 
on Anticosti, as here this form is not common until in upper Gun River 
time. If, on the other hand, it is held that the guide fossils appear some- 
what earlier on Anticosti, then the Ohio Clinton would seem to hold the 
time of D, of the Gun River formation up to the top of E, of the Jupiter 
River formation. Triplecia ortoni ranges here through 279 feet of strata, 
whereas along the Cincinnati axis this form is apparently restricted to 
less than 25 feet of limestones. 

The lower fossiliferous Clinton of the Rochester, New York, region 
(Wolcott limestone) appears not to be older than the upper Gun River, 
for the diagnostic fossils Bilobites bilobus, Pentamerus oblongus, Atrypa 
reticularis, Rhynchonella bidens, Hyattella congesta, and Anoplotheca 
hemispherica are common to both formations. 

It appears probable that some of the diagnostic Clinton fossils appear 
earlier on Anticosti than in the United States. This seems to be true for 
Hyattella congesta, Stricklandinia lens, Pentamerus oblongus, Rhipido- 
mella circula, Anoplotheca hemispherica, Atrypa marginalis, A. reticu- 
lasts, and some of the corals. It is this that leads the writers to correlate 
the Clinton formations of the United States with apparently somewhat 
later similar faunal occurrences on Anticosti. 
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For the present it can only be stated with some degree of probability 
that the Clinton faunas begin to appear in the-lower Gun River forma- 
tion and then continue throughout the Jupiter River division, and grad- 
ually take on more and more of the characters of the Irondequoit or 
highest reef Clinton, an aspect which is not fully attained even at the top 
of Division E, where Anoplotheca hemispherica is in greatest develop- 
ment. If, on the other hand, one uses the occurrence of Monograptus 
clintonensis and Spirifer radiatus meta as the guide for correlation, then 
the higher Clinton of New York and the northern Appalachians holds 
the time of the higher zones of the Jupiter River formation—that is, 
from E, to E,. It is therefore concluded that the New York Clinton 
begins later than the lower half of the Gun River and that the higher 
Clinton (Williamson and Irondequoit) correlates best with the zones 
above E, of the Jupiter River formation. 

Jupiter River formation (Richardson’s Division E).—The strata of 
this formation are best seen beginning at the high cliff on the west side 
of Jupiter River (hence the name for the division) and thence eastward 
to the Jumpers. The thickness of these beds is 561 feet, which in the 
main are thin-bedded light colored limestones interstratified with shale 
partings. The lower 100 feet are green shales followed by a similar 
thickness of argillaceous limestones above which the limestones are purer. 
No intraformational conglomerates were seen in this formation. 

The formation is again seen along the southeastern shore of the island 
from Heath Point westward to Pavilion River. These deposits are prob- 
ably those of somewhat deeper and certainly of clearer water, with fairly 
uniform physical conditions, seen in the fact that the strata here are 
more uniformly limestones in which corals, coral reefs, and large brachio- 
pods (Pentamerus oblongus chiefly) abound. The thickness of these 
eastern Jupiter River equivalents has not been ascertained. The strata 
are nearly horizontal and undulating. It is believed, however, that their 
thickness fully equals that of the western exposure. 

According to Richardson’s section the zones along the southwestern 
shore of the island are as follows: 


Triplecia ortoni beds—continued. 


E,. Light green argillaceous shales. Finely exposed in the lower part 
of West Cliff of Jupiter River. Only fossil seen is Atrypa 
reticularis. Richardson’s estimate of thickness is 60 feet, the 
authors’ 


E,. Light drab argillaceous limestones. Strata much jointed, in which 
the fossils are often excellent, but scarce. They are Mono- 
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graptus clintonensis (common), Mesograptus, Bilobites bilobus, 
Brachyprion leda, Schuchertella subplana, Triplecia ortoni 
(rare), Clorinda n. sp., Zygospira cf. modesta, Atrypa reticu- 
laris, Anoplotheca hemispherica, Spirifer radiatus meta, Nucleo- 
spira n. sp., Clionychia nitida (common), Oncoceras futile, 
Platyceras cf. niagarense (small), Calymene vogdesi (3 inches 
long, same in Clinton of Ohio and New York), Jllenus (large 
new species), Acaste orestes, Encrinurus punctatus ?, Lichas cf. 


Oncoceras futile beds. 


E,. Same limestones as E,, but gradually passing into purer limestone. 
Fossils the same as in E,, but without the graptolites......... 22 

E;. Ash gray, hard, conchoidaily fracturing, thin-bedded limestones 
abounding in Oncoceras futile. Other fossils are Favosites goth- 
landicus, Atrypa reticularis, Anoplotheca hemispherica (large 
and lamellose here), Stricklandinia lens, Clionychia nitida, 

Calymene cf. vogdesi, and Acaste orestes..... 


Stricklandinia lens beds. 


E, and E,;. Same petrographic character as below. Stricklandinia lens 
in profusion. Otherwise the fauna is that of below........... 15 

EK, and E,. Same petrographic character as below. The common 
species here are Favosites gothlandicus, Monograptus clintonen- 
sis, many bryozoa, Dalmanella elegantula, Orthis flabellites, 
Brachyprion leda, Clorinda n. sp. (same in D,), Stricklandinia 
lens (rare here), Pentamerus oblongus (rare), Atrypa reticu- 
laris, Anoplotheca hemispherica, and Acaste orestes........ 

E,,. Measures largely concealed. ; 

At the Jumpers, 2 to 3 miles east of Southwest light-house, 
the terminal 20 feet of this zone may be seen abounding in 
fossils—one of the richest localities on the island—but the 
variety is not so large. Some of the fossils are Favosites goth- 
landicus, F. venustus, Plectambonites transversalis, Leptana 
julia, Brachyprion leda, Strophonella geniculata Shaler (not 
Hall), Stricklandinia lirata, 8S. brevis, Pentamerus oblongus, 
Anoplotheca hemispherica, Spirifer radiatus meta, Leperditia 

(very large), Acaste orestes, Calymene vogdesi............... 


Correlation —The Jupiter River faunas are clearly of Clinton aspect. 
retaining at the base the Ohio or older phase derived from the preceding 
Gun River formation, while the higher strata, with their abundance of 
Pentamerus oblongus, are clearly related to the New York Clinton. This 
correlation is further strengthened by the fact that the life of the follow- 
ing Chicotte formation is in harmony with the northern Niagaran faunas 
of the upper Mississippi Valley. 
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In this correlation there are seen certain peculiar and divergent faunal 
elements. For instance, in the Williamson division of the New York 
Clinton, Hyattella congesta characterizes this zone, but on Anticosti this 
species is at home during an earlier time in the lower Gun River forma- 
tion, and it is not known at all in the Jupiter River deposits. Coral reefs 
in the Mississippian sea are not prominent until long after the introduc- 
tion of the Niagaran, but on Anticosti the coral reefs dominate all Anti- 
costian time. Pentamerus oblongus appears in the Gun River deposits 
long before it is seen in New York. Anoplotheca hemispherica appears 
near the top of the Gun River deposits, and thence continues to the very 
top of the Jupiter River, thus ranging through 650 feet of calcareous 
deposits. 

Chicotte formation (Richardson’s Division F’).—This series of lime- 
stones is strikingly different from any of the preceding in that they are 
more heavily bedded, have almost no shale partings, and are white and 
coarsely granular, due to the crinoidal pieces, corals, and Stromatopora 
of which they are mainly composed. The contact with the Jupiter River 
formation is abrupt and there appear to be no transition beds between 
them. The total thickness is about 70 feet. 

These limestones are well displayed at Southwest Point, where they are 
decidedly undulatory, and recur at intervals eastward to Pavilion River. 
The most continuous section was seen at the type locality for the forma- 
tion in the cliffs westward from Chicotte River, where the beds are more 


undulatory than elsewhere. The zones are as follows: 
Feet 
F, and F,. Gray slightly granular limestone with green shale partings. 18 
Seen at the Jumpers and Chicotte Cliff. At the eastern end 
of the section these zones include Stromatopora reefs. Corals 
are common as Stromatopora, Favosites favosus, F. gothlandi- 
cus, F. venustus, Alveolites labechi, Heliolites exiguus, Ptycho- 
phyllum canadense, and Ormoceras canadense (Huronia verte- 
bralis). 
F, and F,. White granular crinoidal limestone in beds from 6 to 18 
inches and without shale 55 
Has F. favosus, Orthis flabellites, Leptena rhomboidalis, 
Atrypa reticularis, Cyrtia myrtea, Spirifer radiatus, Phragmo- 
ceras (small). Very large crinoid stems occur, possibly of 
Crotalocrinus. 


Correlation.—The fauna of the Chicotte formation is as yet a small 
one and there is little on which to base positive correlations. Most of the 
species are those of the lower horizons, while the new elements in the 
crinoidal life are so comminuted that nothing can be made of it. It 
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seems to correlate best with the highest zone of the western New York 
Clinton, the Irondequoit, an horizon now regarded as the transition zone 
to the Rochester shales. 

The Anticosti section ceases with the Chicotte formation and younger 
Silurie beds are unknown in the northern region of the Gulf of Saint 
Lawrence. Later beds are known farther south along the north shore of 
the Bay de Chaleur and at Arisaig, Nova Scotia. 
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INTRODUCTION 


The dominant geological features of Iceland are its glaciers and its 
volcanoes, both of which are developed on a tremendous scale and afford 
unusual opportunities for detailed study. The island itself is essentially 
an uplifted plateau country, averaging 500 to 700 meters in elevation, 
and consisting in large part of basaltic lava flows and associated tuffs 
and breccias. Fringing this plateau at different points are lowland 
coastal strips, whose total area is nearly one-fifteenth of that of the 
entire island; to these all habitation is practically confined, the rest of 


1 Manuscript received by the Secretary of the Society September 21, 1910. 
L—BULL. Grou. Soc. AM., Vou. 21, 1909 (717) 
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the island being a barren waste of lava and glacial debris, devoid of 
forests, and even vegetation, and worthless from an economic standpoint, 
but valuable to the geologist because of its excellent exposures. 

Soundings by the Danish government have shown that these lowland 
coastal areas, in north and west Iceland especially, extend seaward as a 
coastal rock shelf 100 to 200 kilometers out from the shore; in this shelf, 
old valleys, 60 meters deep and of typical river valley features, have been 
treated as continuations of the present fiords. According to Thoroddsen,? 
this continental shelf was cut in late Miocene or Pliocene, when all Ice- 
land was uplifted; it was submerged at the close of the Pliocene. This 
proof, that the present fiord valleys are old river valleys modified by ice 
action during the Glacial epoch, is an important fact bearing on the 
physiographic development of this region. 

During the Glacial epoch all Iceland was covered by an ice-sheet, which 
moved from the center of the island oceanwards and profoundly altered 
the physiographic aspect of the land surface. Remnants of this ice-cap 
still remain and occupy considerable areas in the interior plateau, 
Vatnajékull covering over 8,500 square kilometers and Hofjékull and 
Langjékull each about 1,300 square kilometers. 

Since the recession of the ice, the land surface has been altered very 
slightly by water erosion, and, in north Iceland especially, has remained 
practically as the ice left it. There the bedrock is the basalt formation, 
which consists of a series, over 1,000 meters thick, of nearly horizontal 
lava flows with intercalated tuff beds. This formation is fairly uniform 
and free from elements which might tend to disturb the normal develop- 
ment of the physiographic features characteristic of either ice or water 
action; its material is, moreover, peculiarly adapted to retain the finer 
markings produced by an erosive agent. Such a combination of fortu- 
nate conditions is unusual, and renders this country specially suitable 
for the detailed study of the land forms resulting from glacial sculpture. 

Two groups of such features of mountain glaciation, in particular, 
attracted my attention during a short trip across the island in August, 
1909; these were: (a) the glacial modeling and sculpture of preexisting 
river valleys during the period of maximum ice development, or ice-flood 
period, as E. C. Andrews and others have named it; (b) the effect of 
the surface of the ice-sheet as a plane of reference toward which the up- 
land surfaces tended to be beveled. My time was unfortunately limited, 
and the impressions recorded in the following paragraphs are intended 


2Island, Grundriss der Geographie und Geologie, von Prof. Dr. Th. Thoroddsen, 
Peterman’s Mitteilungen. Ergiinzungsheft. 152, 1906, pp. 93-98. 
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rather to direct attention to the phenomena than to present a finished 
study of the same. 


FEATURES OF VALLEY GLACIER EROSION 
IOBR AS AN EROSIVE AGENT 


During the Glacial epoch the old river valleys were completely filled 
with ice, the flow of which, notwithstanding its general resemblance to 
that of water, differs from the latter with respect to its greater viscosity 
or plasticity, whichever term describes the case more correctly. Ice is 
therefore a correspondingly stiffer or less pliable and delicate tool ; it is a 
more conservative and stubborn erosion agent than water, and shifts its 
direction less readily. It works on a large scale, filling the entire valley, 
and tends during its period of rapid cutting to smooth out the little 
irregularities of the river valley and to truncate and align all projecting 
and overlapping spurs; in short, to simplify the general shape of the 
valley and to emphasize its symmetry, with the result that the eye takes 
in long stretches gf the glaciated valley at a glance and at the same time 
is impressed with the unity and dignity of the whole. Glacial valleys, 
with their open vistas and majestic curves, possess a charm and an 
individuality that is unique and characteristic. 

The flow of ice through a valley is controlled and directed by the 
valley walls and floor; they prescribe, in a measure, the lines along which 
the ice must work; and, in turn, they suffer profound modification. 
These relations between ice-flow and valley shape are so definite that it 
is possible to predict the changes which an eroding ice current or stream 
would make in the configuration of a given river valley. In an ice cur- 
rent filling a valley, as in a river, the rate of flow -is generally greatest 
at a point midstream and near or at the surface, while the points of most 
intense ice action (abrasion and plucking) are on the valley bottom and 
the adjacent lower slopes, as there the pressure is greatest and the flow 
sufficient to carry off the debris from the powerful chiselings of the ice. 
The erosive action of an ice current is concentrated, therefore, along the 
valley floor and lower slopes. During the period of maximum ice erosion, 
the valley bottoms were often cut down far below the baselevel and now 
appear as basins filled with glacial rock material. 


THE ICE-FLOOD PERIOD 


The Glacial epoch was a period of ice-flood and of torrential ice action, 
when prodigious feats of erosion were accomplished, far beyond the 
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powers of the relatively stagnant glaciers of today. The present epoch 
is one of ice drought, and the erosive action of the glaciers during the 
two periods is, therefore, not comparable. This Mr. E. C. Andrews has 
clearly demonstrated in his paper, “Ice-flood hypothesis of the New Zea- 
land sound basins,” * in which the effects of the two stages are strongly 
contrasted and likened directly to those of water action during times of 
flood and of drought, the flood period in the river bed or glacial valley 
being one of intense corrasion and down-cutting, the drought period one 
of stagnation and aggradation. 

The features which Mr. Andrews declares characteristic of intense ice 
action in New Zealand occur also in Iceland, though in somewhat differ- 
ent form, as might be expected from the differences in bedrock and 
thickness of ice-cap in the two countries. In New Zealand, as in south- 
eastern Alaska, the mountain uplands average from 1,500 to 2,000 
meters in elevation, while in Iceland the plateau country rarely reaches 
800 meters. As the upland areas in both cases were covered by an ice- 
sheet, the depth of the ice currents in the valleys was far greater in New 
Zealand and Alaska than in Iceland, and their cutting action conse- 
quently much more profound. The double cliff slopes which occur fre- 
quently in New Zealand and also in Alaska, and which evidently are 
marks of the most intense glacial corrasion, were rarely seen in Iceland. 
The “through” valleys of Professor Tarr, which are common in Alaska, 
are seldom found in Iceland. Hanging valleys, vertical cliff bases and 
truncation of spurs, on the other hand, physiographic forms which are 
considered special marks of intense glacial action in New Zealand, are 
abundant in Iceland, as well as other features, which may be noted briefly. 


FEATURES RESULTING FROM THE ACTION OF A SINGLE VALLEY GLACIER 


The master valleys in north Iceland, as Eyjafjardardalur, Fnjoskada- 
lur, Fljotsdalur, and others, exhibit: (a) U-shaped, troughlike cross-sec- 
tions; (b) hanging side valleys; (c) sharp steepening of grade at the 
valley head, due in part to cirque action, but also probably in part to ice 
currents, which on the advance of the ice-sheet from the interior ocean- 
wards were deflected by the directive influence of the existing valleys, 
and, plunging into the valleys at their head, tended to abrade with 
special severity there. During the period of maximum ice action, the 
grade of the valley floor below the valley head was greatly decreased and 
occasionally reversed for short distances, as indicated by the present hol- 
lows at such points; (d) glacial grooves and markings along the valley 


* Journal of Geology, xiv, 1906, pp. 22-54. 
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och sides; (¢) alignment and straightening of valley sides by truncation and 
the removal of projecting and overlapping spurs; (f) valley sides, occasion- 
has ally terminating in vertical cliffs; (g) absence of talus slopes at base of 
ea cliffs; (h) flat open valley floors now usually covered with debris, left by 
gly receding glaciers and worked over to some extent, at least, by subsequent 
of stream action. Occasionally low rounded knobs of bedrock project above 
ley the valley bottom, but are not of sufficient size or frequency to disturb 
one its general aspect. 
ice FEATURES DEVELOPED AT JUNOTIONS OF TRIBUTARY GLACIERS WITH 
TRUNK GLACIER 
ind Hanging valleys —At the points of confluence of tributary valleys 
th- with the main valley, different physiographic effects occur, dependent on 
100 the relative size of the two valleys and on their angle of confluence. , 
hes Small ice-tongues, entering the main valley at large angles, were under- a 
ce- cut by the master ice-stream, which left their valley floors perched or 
ew hanging at different elevations along the sides of the main valley; water- 
se- falls emphasize still further the sites of such hanging valleys, and are so 
re- plentiful in Iceland that the traveler is rarely out of sight of one or 
are more; in most cases water erosion at such points has been slight, and 
nd. small notches only have been cut in the lips of hanging valleys since the 
ka, recession of the ice. 
nd Glacier junction basins.—Larger ice-streams, confluent at wide angles 
ure and yet able, practically, to hold their grade with that of the trunk “ 
ire glacier, tended to widen and overdeepen the main valley at the point of py 
ly. union ; there the valley grade was frequently reversed for a short distance 

with resultant formation of rock basins, now filled with glacial material. bd 
= When several such converging valleys entered the main valley on oppo- fk 
la- site sides, a wide, open amphitheater was formed, which for impressive- a 
~ ness and dignity far surpasses any feature of ordinary river valleys. ‘ 
he Evjafjardardalur is especially noteworthy because of such valley junc- ' 
ce tions. 
n- Glacier junction spurs.—In the case of two large glacial valleys con- ; 
v8, fluent at acute angles, characteristic, low junction spurs, attenuated by 1 
th the overriding ice-masses to elongated shapes, rounded in cross-section ey 
he and almost cigar-shaped in plan, were usually formed. These glacier 
nd junction spurs, as they may be called, are a distinctive feature of certain 4 
1. glacial valleys and merit a brief word of description. The normal ten- “h 
ey dency of intense glacial cutting in valleys is to truncate and even to by 


remove all projecting spurs which lie in the path of the advancing ice- 4 
flow and to align their bases. In the case of glacier junction spurs, how- 
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ever, the direction of the spur itself practically coincides with that of the 
ice-flow. Under these unique conditions the sides of the spur are not 
only aligned in both valleys, but its ridge is greatly reduced and ground 
down by the confluent overriding ice currents. After recession of the ice, 
it appears as a low, gently sloping, drawn-out tongue of bedrock point- 
ing downstream and separating the two valleys to their very junction, 
where it passes into the valley floor. At the same time its effect is to 
merge the two valleys and to render their junction less abrupt. In case 
this type of glacial junction spur occurs between fiord extensions of 
glacial valleys, it reaches out as a low, gently sloping peninsula, and 
finally passes beneath the water. Occasionally a series of small islands, 
each elongated in the direction of ice-flow, appear, and are simply the 
higher parts of the continuation of the junction ridge under water, as 
indicated by soundings. On passing inland, these glacier junction spurs 
or ridges rise gradually and increase in width until finally their slope 
becomes abruptly steeper and leads, then, rapidly up the main mountain 
mass. The decrease in the slope of the ridge of a glacier junction spur 
toward its seaward tip is characteristic. The crest itself is not always a 
smooth line, but is usually undulating and irregular after the manner of 
hummocky glaciated rock floors. Such glacier junction spurs are typi- 
cally developed between Fljétdalur and Laxardalur, in north Iceland, 
and between the converging branches of the Hvita, in Myrar, west Ice- 
land.* In southeastern Alaska they also occur frequently, notably near 
the head of Lynn Canal, at the junctions of Taiya, Chilcoot, and Chilcat 
inlets. 

Glacier junction deposits——At the junction of all large tributary val- 
leys, the normal flow of the trunk glacier is more or less disturbed; 
jamming of the ice results, and produces déflection and stoppage of sub- 
glacial drainage, conditions to which peculiarly shaped gravel deposits 
and mounds, as well as the irregular valley bottom at such points, now 
bear witness. In Laxardalur, Adalrevykadalur, and Eyjafjardardalur 
such deposits are especially abundant. 

Near the mouth of Vatnsdalur, where the valley enters the wide low- 
land area south of Hunafjérdur, a group of irregular, often conical, 
shaped hills occur, from 50 to 75 meters in height, and composed entirely 
of glacial material, each hill being of different composition and size of 
material. Altogether these deposits cover an area of possibly 2 square 
kilometers. Unfortunately, no time was available, in passing, to study 
them more closely and their mode of formation was not ascertained with 


*Unfortunately rainy and foggy weather prevented the writer from securing satis- 
factory photographs of the glacier junction spurs of this region. 
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certainty. The fact that the sea once reached nearly, if not quite, to 
this locality, as indicated from old shorelines in the near vicinity, may 
account in part, at least, for the peculiar location of these deposits. 
hey deserve detailed study. 


FEATURES OF IcE-cAP Erosion 


ICE-CAP BEVELING 


During the Glacial epoch, ice not only filled the valleys, but covered 
the entire plateau country and many mountain tops, leaving only isolated 
peaks here and there exposed. In Iceland its thickness over the upland 
area was from 500 to 800 meters less than in the river valleys, and con- 
sequently its pressure and power to abrade the uplands were greatly 
diminished, especially as the highland country lacked the gradient and 
directive influence of the river bed. In a water flood, the main work of 
erosion is accomplished in the river bed itself, and, likewise, in the 
glacial ice-cap the chief down-cutting action of the moving ice is con- 
fined to and concentrated in the submerged river valleys; but a glacial 
ice cap or flood is more permanent than a water flood, and preserves its 
level over a long period of time. Its surface acts, therefore, like a water 
surface (lake or ocean), as a plane of reference toward which exposed 
masses tend to be reduced. Above the ice-sheet all cliffs and peaks 
break down rapidly as a result of rapid temperature changes and conse- 
quent freezing and expansion of included moisture, and in a compara- 
tively short time become reduced to the surface of the ice-sheet. An 
ice-sheet compares favorably with a body of water, in that its action is 
most intense along the coast and margins of the exposed land-masses. 
Its surface, moreover, is determined by the same general law of gravita- 
tion, but instead of being horizontal, as a water surface, it is, because of 
its greater viscosity or plasticity, gently inclined, and slopes away from 
the upland areas toward the sea or other lower level. 

From the foregoing it is evident that upland rock-masses not far be- 
neath the ice surface suffer little abrasion, while the exposed masses 
above the ice tend to be reduced rapidly to its level, with the result 
that if such ice action were continued long enough the mountain peaks 
in the area would be reduced to about the same general elevation and 
conform roughly in altitude to that of the ice-sheet as datum plane. 
The changes which would take place under such action are illustrated 
diagrammatically in figures 1 and 2. On recession of the ice, the upland 
surface, which before may have been exceedingly irregular, would re- 
semble an old uplifted baselevel of erosion, sloping gently toward the sea 
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or other baselevel and deeply dissected by glaciated river valleys. A 
cutting river tends to accentuate differences of elevation, while a water 
surface, as the ocean, tends to reduce all land surfaces to its level; in 
like manner, a valley glacier tends to cut deeper and to increase differ- 
ences of altitude, while the ice-sheet tends to truncate the upland masses 


Freure 1.—Diagrammatic Section through a mountainous 
Area at the beginning of the ice-flood Period 


Ice is indicated by the dotted lines 


Ficure 2.—Diagrammatic Section through the same Area 


Showing physiographic effects of subglacial action on the 
adjacent mountain mass, the level of the ice having been 
held for a long period at that indicated by dotted line. 


to its general level. Such an aggregate of mountain tops may have 
reached baselevel so far as the ice-sheet is concerned, but it would not 
have been baseleveled in the ordinary sense of the word, although it 
might resemble very closely an old uplifted, warped and dissected base- 
level of erosion. 


THE UPLAND SURFAOE IN ICELAND 


Ice-sheet beveling of this type has been a factor, I believe, in the de- 
velopment of the old surface now marked on the uplands of northern 
Iceland, especially of the area east of Akureyri. There the backs of the 
mountains are gently arched, and present the appearance of an undulat- 
ing, mature topography, approaching that of a peneplain, in which deep 
canyon-like cuts have been made by the valleys, and above which occa- 
sional sharp peaks project. But signs of glaciation are everywhere 
visible, glacial rounding and glacial erratics and debris occur, and indi- 
cate, at least, that the effect of the ice-cap should be regarded as a 
possible factor in the modeling of this upland surface. 

e The basalt formation, underlying this surface, dips gently to the north 
and northeast, and must have been influential in determining the upper 
limit of the ice-sheet. It is difficult, therefore, to decide just how much 


oy. 
| 
; FES 
{ 
‘ 


FEATURES OF ICE-CAP EROSION 725 


the present surface owes to inheritance and how much to ice-sheet 
beveling. 


THE UPLANDS OF THE COAST RANGE, ALASKA 


This particular difficulty is not encountered in southeastern Alaska, 
where glaciation was unusually severe during the ice deluge, and where a 
similar surface sweeps over the uplands of the Coast Range. There the 
backbone of the range is not flat lying basalt, but granite, in huge batho- 
liths, extending from Alaska into British Columbia and covering an area 
1,000 miles long and 100 miles wide. Its mountain tops show a decided 
tendency toward uniformity in elevation, and are, moreover, usually 
broad and only slightly arched; if the intervening precipitous valleys 
and canyons were filled to their apparently original profiles, an undulat- 
ing, warped surface, sloping seawards from the center of the range, 
would result. This has been interpreted as proof of an original pene- 
plain, uplifted and deeply incised, and general opinion among observers 
seems to be that the evidence warrants this conclusion.’ The attempt to 
correlate this peneplain with others in the interior of Alaska has, how- 
ever, met with serious difficulties, and the problem can not yet be regarded 
as completely solved. These difficulties are due in part to lack of de- 
tailed knowledge of the regions involved, but, until they are removed, 
the present peneplain hypotheses can not be considered entirely satis- 
factory. 

That there is an accordance of summit levels among the mountains of 
certain parts of the Coast Range is a matter of observation; it is, also, a 
fact of observation that the surface passing over the tops of the upland 
areas is gently warped and rises from the coast toward the center of the 
range, the average gradient being about 1:150. Here and there above 
this surface sharp pinnacles and mountain spires project, which, on the 
peneplain hypothesis, would be considered monadnocks rising above the 
baselevel. 

Another interpretation has been advanced to account for these rela- 
tions, namely, that the original peneplain passed just above the serrated, 
non-glaciated peaks, in which case the undulating surface below has re- 
sulted from ice sculpture and postulates great ice erosion. This surface, 


5A. C. Spencer: Bulletin of the Geological Seciety of America, vol. 14, 1902, pp. 
117-132. 

A. H. Brooks: Professional Paper no. 45, U. 8S. Geological Survey. 

G. K. Gilbert: Harriman Alaska Expedition, vol. iii, 1904, pp. 122-139. 
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however, which stretches over, and is supported solely by, the present 
pinnacles is a much warped surface, so irregular in fact as to render its 
interpretation as an original peneplain a mere guess rather than a work- 
ing hypothesis which can be properly tested by observed facts. 

It seems possible, however, that, in Alaska as in Iceland, ice-sheet 
beveling may have been an important factor in the observed planation of 
the present upland surface. This idea first occurred to the writer in 
1904 while engaged in field work in southeastern Alaska, and although 
it is still only a working hypothesis it emphasizes a factor which seems 
not to have been regarded sufficiently heretofore. 

At the time of the ice-flood the land area in the Coast Range of 
Alaska was covered with ice which reached all but the highest peaks. 
The upper limit of this ice-cap averaged about 2,000 meters elevation 
and is still plainly marked on the mountains. Below that limit the 
mountain slopes are rounded and abound in large, smooth curves, while 
above it sharp peaks and serrate ridges are the rule. That the ice-sheet 
remained for a long period of time at about the same elevation is evident 
from the distinctness with which its upper limit is chiseled in the peaks 
themselves. As in Greenland at the present time, the surface of the ice- 
sheet sloped gradually from the center of the range toward the sea. Such 
an ice surface is comparatively smooth and may well have served as the 
datum plane toward which the upland areas tended to be reduced. 


CYCLE OF ICE EROSION 


Undoubtedly, if this kind of erosion were sufficiently permanent in 
character, it would be possible to speak of a complete cycle of ice erosion. 
The deepening of the glacial valleys can not and does not continue in- 
definitely, as is evident from the present fiords and valleys, which are 
often over-deepened, where ice erosion was greatest, with consequent 
reversal of valley gradient for short distances and the formation of large 
hollows or basins in the valley floor. If the ice-cap were to remain long 
enough, the projecting mountain peaks would be practically obliterated, 
while at the same time some erosion would be effected along the top of 
the baseleveled portion as well as at the valiey sides and heads, since the 
outward flow of the ice would still be kept up. A general lowering of 
the whole surface would thus result and the tendency toward baselevel 
of ice erosion would be still further accentuated, as with the lowering of 
the uplands a spreading out of the ice-cap might be expected. This last 
step of the process would require an exceedingly long time, much longer 
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than that postulated by the Glacial epoch. The chief point of interest is 
the first step by which a roughly undulating upland surface may be 
produced resembling an uplifted and modified peneplain. Other factors, 
as isostatic adjustment, with simultaneous, differential degradation of 
the rising blocks, erosion above and below timber limit, highland glacia- 
tion, accordance of levels of upper surfaces of intrusive batholiths, with 
subsequent removal of overlying less resistant intruded rocks, etcetera, 
which have also been considered possible agents that might assist in 
bringing about the frequently observed tendency toward accordance in 
summit levels of mountainous areas, have been disregarded altogether in 
the above discussion in order to simplify the presentation. Such factors 
are obviously important, and must be and have been regarded in a con- 
sideration of the whole subject,® which, however, would lead too far in 
the present paper. 
THE FIELD PROBLEM 


The practical field problem, to determine precisely the part ice-sheet 
beveling has played in the formation of the present upland surface, is 
difficult, but the fact that this surface coincides with the upper limit of 
glaciation and follows this limit roughly down to the coastal margin of 
the ice-sheet is in itself a strong argument in favor of fairly intense ice- 
cap beveling. In mountainous regions, where these conditions might 
prevail, the slopes and gradient are usually such that all loose deposits, 
as original soil, which might serve to indicate peneplanation, or even 
morainic materials, are rapidly carried off and obliterated. Planation by 
glacial action should be most rapid in areas of soft, friable rocks, while 
remnants of an original peneplain should disappear most rapidly in such 
an area. 

Many factors enter into erosion problems of this nature, and criteria 
have not been developed which might be used to determine definitely the 
influence and importance of the factor of ice-cap beveling. The attempt, 
only, has been made to show that under special conditions such ice-cap 
planation is possible to a certain extent, and, if so, to indicate that it 
was probably a factor in the development of the present baseleveled char- 
acter of the upland areas in certain parts of Iceland and Alaska. It 
does not preclude the existence of a former peneplain, now warped, dis- 


®*In a paper, “Accordance of summit levels among Alpine mountains: the fact and 
its significance,” Journal of Geology, vol. xiii, 1905, pp. 105-125, Mr. R. A. Daly has 
considered these factors in detail and with special reference to their bearing on the 
present problem. 
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sected, and uplifted, but it might serve to account for certain features of 
land sculpture which on the peneplain theory have been found difficult 
to explain satisfactorily. 


SuMMARY 


The purpose of the foregoing pages has been primarily to direct atten- 

tion to Iceland as an unusually favorable region for the study of the 

, effects of mountain glaciation, both of the valley glacier and continental 

ice-sheet type. The fairly homogeneous and unaltered basalt formation 

of north Iceland offered practically uniform resistance to glacial action, 
and the forms developed therein by ice erosion are, therefore, simple and 

characteristic. ‘The difference between the action of ice currents in a 

valley and the effect of the continental ice-sheet on the upland areas dur- 

ing the ice-flood period is plainly visible in Iceland. 

e An ice current in a valley is homologous to a river in its behavior ; but 
in accord with the highly viscous or plastic state of ice, it acts as a blunt 
tool of wide bearing surface, and tends to clear out all of the smaller 
details of the river valley and to straighten and simplify its general 

shape and aspect. 

The features produced by valley ice currents at the time of maximum 
extension fall naturally into two groups: (1) Those produced by the 

: action of the valley ice current alone and undisturbed by tributary ice- 

4 streams, as U-trough shape of cross-section, straightening of river valley 

course, alignment of its sides, glacial grooves and markings along valley 

sides and bottom, steep valley head, often with cirque termination, 
etcetera; (2) those occurring at the junctions with tributary valleys, 
and resulting from the combined action of the trunk ice current and the 
disturbing tributary ice current. These features differ in character, 

dependent on the size of the tributary and its angle of confiuence. (a) 

A small tributary ice-stream entering the main valley at any angle has 

but slight effect on the trunk ice current; its valley is undercut and left 

hanging, the elevation of its mouth above the main valley floor depending 
somewhat on its size. (b) In the case of a large valley uniting with the 
main valley at a wide angle and able practically to hold its own with the 
trunk glacier, tremendous forces are brought to bear on the valley bottom 
and sides, deep basin-like cuts far below baselevel are scoured out, while 
the valley sides are cut back and rise abruptly as steep cliffs, often over- 
hanging and showing the characteristic double cliff slopes. At the conflu- 
ence of several large converging valleys, the trunk valley is widened, its 
floor deeply eroded below baselevel, and its sides cut back until sheer cliffs 
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result. The junction spurs rise almost perpendicularly from their bases 
to high rounded domes, often beehive-shaped, and impressive because of 
their massiveness and simplicity. (c) At the confluence of a large valley 
at an acute angle with the main valley, the junction spur, between the 
two valleys, coincides closely with the direction of the ice currents. Its 
sides are truncated and aligned, but its crest line is worn down by the 
overriding, merging ice currents to a low, gently sloping tongue of bed- 
rock pointing downstream. This type of spur is a characteristic feature 
of many glacial valleys, and for it the name of glacier junction spur is 
proposed. At and below these acute angled junctions, deep basins are 
also usually cut by the confluent ice-streams. At all such large junctions 
congestion of the ice may occur, and the uniform erosive action of the 
trunk ice-stream may be disturbed, with resultant irregularities in the 
valley rock floor. Later, on recession of the ice, irregularly shaped gravel 
deposits may be formed at such points. 

These physiographic features which are characteristic of the action of 
an ice current indicate clearly that it erodes most rapidly along the valley 
floor and the lower half of the valley walls; there the thickness and mo- 
mentum of the ice are at a maximum. Higher up the sides of the valley 
and nearer the original surface of the ice, the amount of direct erosive 
work accomplished by the ice current decreases rapidly, and as a result 
glacial valleys are usually steepwalled. 

In contrast to an ice current, an ice-cap is homologous in its action to 
that of a large water surface, as the ocean, toward which exposed high- 
land masses tend rapidly to be beveled. The ice-sheet spreads over wide 
areas ; its surface is fairly uniform and slopes gently from the center of 
the country oceanwards and away from the elevated land masses which 
support it. As a whole, the ice-sheet lacks the directive influence of the 
valley which controls the ice current and renders possible the concentra- 
tion of the tremendous forces of erosion which are dominant during the 
flood period of the glacial ice. As a consequence, the physiographic fea- 
tures developed by the ice-sheet are noticeably different from those result- 
ing from ice-current action, even though such currents may be in part 
simply submerged portions of the ice-sheet itself passing through former 
river valleys. Immediately below the surface of the ice-sheet but little 
erosion is accomplished, as the ice there lacks sufficient thickness to be 
effective. Its attack, like that of a body of water, is directed chiefly 
toward the margins of exposed land masses. These elevated areas are, 
furthermore, subjected to the forces of highland erosion in its most viru- 
lent form, and soon break down and disappear beneath the ice cover. 
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The net result of the ice-sheet action, if continued long enough, would 
be, therefore, a truncation of the mountains at a common level, strongly 
resembling in appearance an uplifted marked and dissected peneplain. 
Ice-sheet beveling is suggested as a possible factor in the development of 
the observed upland surfaces, both in north Iceland and in the Coast 
Range of southeastern Alaska. 
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INTRODUCTION 


One of the difficulties met by beginners in crystallography is the deter- 
mination of the class to which a given crystal belongs. With a view to 
lessening this difficulty, the writer about two years ago prepared separate ‘ 
keys for the determination of the different classes belonging to each 
crystal system, and later a more comprehensive single key, including all 
the crystal classes. As this key has proved very satisfactory in use in the « 
writer’s classes, it is presented here in the hope that it may be of service 
to others. Various forms of the key have been worked out from time to of 
time in the effort to find the simplest and most satisfactory arrangement, r 
the two tables given here being those which have seemed the best in : 
practice. 

The first of these tables makes use of a center of symmetry as a basis 4 
for its main divisions, adopting the simpler of the two current definitions ‘ 
of that term; that is, the only condition assumed as necessary is the 
occurrence, for every plane on the crystal, of a corresponding, like, 
parallel plane on the opposite side of the center. 

The other table has been so arranged as to require no reference to a ‘ 
center of symmetry; and at the same time the forms have been grouped ; 
in accordance with the recently proposed classification of Swartz.’ 


1Manuscript received by the Secretary of the Society June 27, 1910. f 
*Charles K. Swartz: Proposed classification of crystals based on the recognition of ' 
seven fundamental types of symmetry. Bull. Geol. Soc. Am., vol. 20, 1908, pp. 369-391. 
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The class names adopted in both tables are those used in the textbooks 
of Dana and Krause. In several instances where Dana gives no name to 
the group, one suggested by analogy from other related groups has been 
given parenthetically. 

It should be noted that the terms 6-fold, 4-fold, etcetera, as used 
throughout these tables, refer to the number of times a crystal form can 
be brought into like positions merely by rotation about an axis without 
involving reflection in a plane at the same time (alternating axis). Con- 
sidering the symmetry of the completed form, the class containing the 
rhombohedron of the third order (Trirhombohedral Group of Dana) 
would have a singular 3-fold axis of symmetry, since it may be brought 
into three like positions by simple rotation through 360 degrees about its 
singular axis. Considering the development of a complete form from a 
single plane, however, it has a 6-fold alternating axis, since each plane 
in the upper or lower half of a form characteristic of the class may be 
obtained from an adjacent plane in the opposite half of the crystal by a 
rotation of 60 degrees, followed by reflection in a plane perpendicular to 
the axis of rotation. For determinative purposes the simpler of these 
two aspects has been taken, not only in this class, but in all cases where 
an alternating axis is concerned. Whether the Rhombohedral and Tri- 
rhombohedral Groups of Dana belong to the Hexagonal System or to the 
Trigonal is another question and one which appears to the writer to 
depend on the fundamental definition of these two systems or subsystems. 
Without discussing the question (which is aside from the scope of this 
paper), the writer will merely state that on this point he has followed 
Dana and has placed both classes in the Trigonal division of the Hex- 
agonal System. 

TaBLE No. 1. 


A. WITH CENTER OF SYMMETRY 


1. With one or more planes of symmetry: 
(a) With but one axis of symmetry having a period greater than one- 
fold and with a single plane of symmetry, which is perpen- 
dicular to this axis. 
Axis 6-fold—Hexagonal Bipyramidal Class or Pyramidal Group, 
Hexagonal System. 
Axis 4-fold—Tetragonal Bipyramidal Class or Pyramidal Group, 
Tetragonal System. 
Axis 2-fold—Monoclinie Prismatic Class or Normal Group, Mono- 
clinie System. 
(b) With more than one axis having a period greater than one-fold and 
more than one plane of symmetry. 
¢ With one or more singular axes and planes of symmetry perpel- 
dicular to them. 
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With a singular 6-fold axis—Dihexagonal Bipyramidal Class or 
Normal Group, Hexagonal System. 

With a singular 4-fold axis—Ditetragonal Bipyramidal Class or 
Normal Group, Tetragonal System. 

With three singular 2-fold axes perpendicular to each other— 
Orthorhombic Bipyramidal Class or Normal Group, Ortho- 
rhombic System. 

tt With a singular 3-fold axis and no plane of symmetry perpen- 
dicular to it—Ditrigonal Scalenohedral Class or Rhombohedral 
Group, Hexagonal (Trigonal) System. 

¢#t With no singular axes, but with three like axes perpendicular to 
each other. 

Perpendicular axes 4-fold—Hexoctahedral Class or Normal 
Group, Isometric System. 

Perpendicular axes 2-fold—Dyakisdodecahedral Class or Pyrito- 
hedral Group, Isometric System. 


2. With no planes of symmetry: 

(a) With a singular 3-fold axis of symmetry—Trigonal Rhombohedral 
Class or Trirhombohedral Group, Hexagonal (Trigonal) Sys- 
tem. 

(vb) With no axis of symmetry other than one-fold—tTriclinic Pinacoidal 
Class or Normal Group, Triclinic System. 


B. WITHOUT CENTER OF SYMMETRY 


1. With one or more planes of symmetry: 


(a) With no or but one axis having a period greater than one-fold. 

¢ Opposite ends of crystals unlike (axis polar). 

Polar axis 6-fold—Dihexagonal Pyramidal Class or Hemimorphic 
Group, Hexagonal System. 

Polar axis 4-fold—Ditetragonal Pyramidal Class or Hemimorphic 
Group, Tetragonal System. 

Polar axis 3-fold—Ditrigonal Pyramidal Class or Rhombohedral 
Hemimorphie Group, Hexagonal (Trigonal) System. 

Polar axis 2-fold—Orthorhombic Pyramidal Class or Hemimor- 
phic Group, Orthorhombic System. 

Polar axis 1-fold—Monoclinic Domatic Class or Clinohedral 
Group, Monoclinic System. 

¢¢ Opposite ends of crystals like (axis not polar)—Trigonal Bipy- 
ramidal Class or (Trigonal Pyramidal) Group, Hexagonal 
(Trigonal) System. 

(b) With more than one axis having a period greater than one-fold and 
more than one plane of symmetry (some of the axes may join 
the mid-points of opposite edges). 

With a singular 3-fold axis and a plane of symmetry perpendicular 
to it—Ditrigonal Bipyramidal Class or Trigonotype Group, 
Hexagonal (Trigonal) System. 

With a singular 2-fold axis and no plane of symmetry perpendicular 
to it—Tetragonal Scalenohedral Class or Sphenoidal Group, 
Tetragonal System. 

LI—BUuLL. Grow. Soc. AM., VoL. 21, 1909 
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With no singular axes, but with three 4-fold axes perpendicular to 
each other—Hextetrahedral Class or Tetrahedral Group, Iso- 


metric System. 


2. With no planes of symmetry: 
(a) With no or but one axis of symmetry having a period greater than 
one-fold. 
% Opposite ends of crystals unlike (axis polar). 
Polar axis 6-fold—Hexagonal Pyramidal Class or Pyramidal- 
H Hemimorphic Group, Hexagonal System. 
Polar axis 4-fold—Tetragonal Pyramidal Class or Pyramidal- 
Hemimorphic Group, Tetragonal System. 
* Polar axis 3-fold—Trigonal Pyramidal Class or (Trigonal Pyra- 
midal-Hemimorphie Group, Hexagonal (Trigonal) System. 
Polar axis 2-fold—Monoclinic Sphenoidal Class or Hemimorphic 
Group, Monoclinic System. 
Polar axis 1-fold—Triclinic Asymmetric Class or Asymmetric 
Group, Triclinie System. 
"1 t# Opposite ends of crystals like (axis not polar). 
Axis 2-fold—Tetragonal Bisphenoidal Class or Tetartohedral 
Group, Tetragonal System. 
: (b) With more than one axis having 9 period greater than one-fold (some 
’ of them may join the mid-points of opposite edges). 


¢ With one or more singular axes. 
With a singular 6-fold axis—-Hexagonal Trapezohedral Class or 


s Trapezohedral Group, Hexagonal System. 

; With a singular 4-fold axis—Tetragonal Trapezohedral Class or 
‘ Trapezohedral Group, Tetragonal System. 

. With a singular 3-fold axis—Trigonal Trapezohedral Class or 


Trapezohedral Group, Hexagonal (Trigonal) System. 
With three singular 2-fold axes perpendicular to each other— 
Orthorhombic Bisphenoidal Class or Sphenoidal Group, Ortho- 
rhombic System. 
~ tt With no singular axes, but with ‘three like axes perpendicular to 
ty each other; also with four like 3-fold axes—Sometimes one set, 
sometimes the other, the more prominent. 
i. The like perpendicular axes 4-fold—Pentagonal Icositetrahedral 
Class or Plagihedral Group, Isometric System. 
The like perpendicular axes 2-fold—Tetrahedral Pentagonal Do- 
decahedral Class or Tetartohedral Group, Isometric System. 


TABLE No. 2 
A. WITH NO PLANES OF SYMMETRY 


1. With no or but one axis of symmetry having a period greater than one-fold: 
(a) Opposite ends of crystals unlike (axis polar)—Agial Order. 
Polar axis 6-fold—Hexagonal Pyramidal Class or Pyramidal-Hemi- 


morphic Group, Hexagonal System. 
Polar axis 4-fold—Tetragonal Pyramidal Class or Pyramidal-Hemi- 


morphic Group, Tetragonal System. 
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Polar 


Polar 
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axis 3-fold—Trigonal Pyramidal Class or (Trigonal Pyramidal- 
Hemimorphic) Group, Hexagonal (Trigonal) System. 

axis 2-fold—Monoclinic Sphenoidal Class or Hemimorphic 
Group, Monoclinic System. 

axis 1-fold—Triclinic Asymmetric Class or Asymmetric Group, 
Triclinic System. 


(b) Opposite ends of crystals like (axis not polar). (Symmetry by rota- 


With 


tion about a singular axis, then by reflection in a plane per- 
pendicular to the axis of rotation)—Amebavial Order. 

a singular 3-fold axis—Trigonal Rhombohedral Class or Tri- 
rhombohedral Group, Hexagonal (Trigonal) System. 


With a singular 2-fold axis—Tetragonal Bisphenoidal Class or Tetar- 


With 


tohedral Group, Tetragonal System. 
only 1-fold axes—Triclinic Pinacoidal Class or Normal Group, 
Triclinic System. 


2. With more than one axis having a period greater than one-fold: 
(With one vertical axis and two or more lateral axes perpendicular to it. 


(a) With 
With 


With 
With 


With 


(b) With 


The lateral axes may join the mid-points of opposite edges )— 
Polyawial Order. 

one or more singular axes. 

one singular 6-fold axis—Hexagonal Trapezohedral Class or 
Trapezohedral Group, Hexagonal System. 

one singular 4-fold axis—Tetragonal Trapezohedral Class or 
Trapezohedral Group, Tetragonal System. 

one singular 3-fold axis—Trigonal Trapezohedral Class or 
Trapezohedral Group, Hexagonal (Trigonal) System. 

three singular 2-fold axes perpendicular to each other—Ortho- 
rhombie Bisphenoidal Class or Sphenoidal Group, Orthorhombic 
System. 

no singular axis, but with three like axes perpendicular to 
each other; also with four like 3-fold axes—Sometimes one set, 
sometimes the other is more prominent. 


The like perpendicular axes 4-fold—Pentagonal Icositetrahedral Class 


or Plagihedral Group, Isometric System. 


The like perpendicular axes 2-fold—Tetrahedral Pentagonal Dodeca- 


hedral Class or Tetartohedral Group, Isometric System. 


B. WITH ONE OR MORE PLANES OF SYMMETRY 


1. With no or but one axis of symmetry having a period greater than one-fold: 
(a) Opposite ends of crystals unlike (axis polar) and the plane or planes 


Polar 


Polar 


Polar 


Polar 


of symmetry passing through the polar axis—Hedral Order. 
axis 6-fold—Dihexagonal Pyramidal Class or Hemimorphic 
Group, Hexagonal System. 

axis 4-fold—Ditetragonal Pyramidal Class or Hemimorphic 
Grovp, Tetragonal System. 

axis 3-fold—Ditrigonal Pyramidal Class or Rhombohedral 
Hemimorphie Group, Hexagonal (Trigonal) System. 

axis 2-fold—Orthorhombic Pyramidal Class or Hemimorphic 
Group, Orthorhombic Syste. 
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Polar axis 1-fold—Monoclinic Domatic Class or Clinohedral Group, 
Monoclinic System. 
(b) Opposite ends of crystals like (axis not polar), and with a single 
: plane of symmetry which is perpendicular to the axis of sym- 
metry—Orthoazial Order. 
Axis 6-fold—Hexagonal Bipyramidal Class or Pyramidal Group, 


Ilexagonal System. 
Axis 4fold—Tetragonal Bipyramidal Class or Pyramidal Group, 


Tetragonai System. 
: Axis 3-fold—Trigonal Bipyramidal Class or (Trigonal Pyramidal) 


Group, Hexagonal (Trigonal) System. 
Axis 2-fold—Monoclinic Prismatic Class or Normal Group, Monoclinic 


System. 
' 2. With more than one axis having a period greater than one-fold: 


(With one vertical axis and two or more lateral axes perpendicular to it, 
and with two or more vertical planes of symmetry intersecting 


+4 in the vertical axis. The lateral axes may join the mid-points 

of opposite edges. ) 

PP (a) With a horizontal plane of symmetry (the lateral axes formed by the 
intersection of horizontal and vertical planes)—Orthohedral 
Order. 


: ¢ With one or more singular axes. 

With one singular 6-fold axis—Dihexagonal Bipyramidal Class 
: or Normal Group, Hexagonal System. 
4 With one singular 4-fold axis—Ditetragonal Bipyramidal Class 
. or Normal Group, Tetragonal System. 


With one singular 3-fold axis—Ditrigonal Bipyramidal Class or 
, Trigonotype Group, Hexagonal (Trigonal) System. 
~~ With three singular 2-fold axes perpendicular to each other— 
rd Orthorhombic Bipyramidal Class or Normal Group, Ortho- 
rhombic System. 

; tf With no singular axis, but with three like axes perpendicular to 
each other. 
z The like perpendicular axes 4-fold—Hexoctahedral Class or Nor- 


mal Group, Isometric System. 

, The like perpendicular axes 2-fold—Dyakisdodecahedral Class or 

Pyritohedral Group, Isometric System. 
(b) With no horizontal plane of symmetry (the vertical planes alternat- 
; ing with the lateral axes)—Amebahedral Order. 
4 t With a singular axis of symmetry. 
.. The singular axis 3-fold—Ditrigonal Scalenohedral Class or 
a Rhombohedral Group, Hexagonal (Trigonal) System. 


; The singular axis 2-fold—Tetragonal Scalenohedral Class or 
:. Sphenoidal Group, Tetragonal System. 

,* ti With no singular axis, but with three like 2-fold axes perpen- 
vg dicular to each other; also with four like 3-fold axes. Some- 


times one set, sometimes the other is more prominent—Hex- 
tetrahedral Class or Tetrahedral Group, Isometric System. 


@ 


BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 
VOL. 21, PP. 737-740 DECEMBER 31, 1910 


ADDITIONAL NOTE ON THE GEOMETRY OF FAULTS’ 
BY HARRY FIELDING REID 
( Presented for publication to the Society March 3, 1910) 


In a recent paper simple projective methods were given for deter- 
mining the displacement of a stratum at a fault.’ It was pointed out 
that any displacement of a stratum could be represented by a linear dis- 
placement and a simple rotation. ‘The rotation was determined by 
rotating the stratum first around a horizontal axis until it was hori- 
zontal, and then around a vertical axis until a line on it was properly 
oriented; these two rotations were then combined by the ordinary 
method of combining small rotations, namely, by representing the rota- 
tions by lines drawn in the directions of their axes, and with lengths 
proportional to the amounts of the rotations. The resultant axis is in 
the direction of the diagonal of the completed parallelogram, and its 
amount is proportional to the length of this diagonal. The positive 
direction of the axis is that in which the rotation appears right-handed. 

This method, although correct for very small rotations and leading to 
no important error in most practical cases, is not accurately applicable 
except to very small rotations. It is desirable to give an accurate 
method which can be used in all cases. We must, therefore, find a 
simple method for determining the axis and the amount of a single 
rotation which will be equivalent to a rotation around a horizontal axis, 
followed by one around a vertical axis, however great these rotations 
may be. 

In figure 1 let OA and OS represent the directions of the axes respect- 
ively, the rotation around these axes being right-handed when looked at 
from 0. The simplest way to represent and combine the rotations is to 
consider a sphere of unit radius around O and determine the positions 
on it of certain points of the stratum before and after rotation. We 
suppose that the stratum passes through the horizontal axis OA and 
intersects the sphere in the great circle ADB. Let PDS be a great circle 


1Manuscript received by the Secretary of the Society March 3, 1910. Not read at a 
meeting. Published by vote of Publication Committee. 


2Geometry of faults. This Bulletin, vol. 20, 1909, pp. 171-196. 
(737) 
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at right angles to OA; the angle through which the stratum must be 
rotated to make it horizontal is ¢,; the point Don the stratum is moved 
to D’ by the rotation, and points on the axis OA are not displaced. 
Now rotate the stratum around the vertical axis OS through an angle ¢,; 
D’ moves to D’, and Ato A”. It is well known that any displacement 
of a sphere about its center can be represented as a rotation around a 
single axis, and that this axis is fixed if we know the displacements of 
two points on the surface of the sphere (such as D and A in this ex- 


Fiaure 2.—Combination of Finite Rotations 


Figure t.—Combination of Finite Rotations 


ample). The point, R, where this axis pierces the surface of the sphere 
must be equidistant from A and A”, and from Dand D”. To be equi- 
distant from A and A”, R must lie on a great circle passing midway 
between A and A”; that is, its azimuth must make an angle ¢,/2 with 
OA. We must now find the point on this great circle which is equi- 
distant from Dand D”. It is simpler to do this by analytic than by 
projective methods. We take the ordinary expressions for the distance 
of R from D and D” measured on the sphere, equate them, and find 


tan = sin ¢,/2 cot ¢,/ 2, 
which gives us the dip, %, of the axis of rotation OR. We have seen 
that its azimuth makes an angle ¢,/2 with OA ; its position is therefore 


completely defined. 
To determine the amount of the rotation, ¢, around OR, we solve the 
right-angled spherical triangle RF'A and find 
/ 2 
sin 


The angles ? and ¢ can be found very quickly with a table of logarithms. 
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Let us take the example of the former paper, namely, ¢, = 15°; 
¢, = 10.3°; then ¢,/2 = 7.5° = 7° 30’; ¢,/2 = 5.15° = 5° 09’, 
log sin ¢,/2 8.9531 log tan ¢,/2 8.9549 
log cot ¢,/2 0.8806 log sin 6 9.7508 
log tan @ 9.8337 log tan ¢/2 9.2041 
3 = 34° 17’ gi/2= 9° 8’ 
yg = 18° 10’. 

By the simpler, but less accurate, method we find tan ? = ¢,/¢, 
= 5.15/7.5 = 0.6866; hence = 34° 28’; and ¢ = 
= 18.16°, or 18° 10’; the value of ¢ is the same and that of ¢ very 
nearly the same as those obtained by the accurate method, but the 
azimuth of the axis, which was taken in the plane of the horizontal and 
vertical axes, was wrong by ¢,/2, or about 5 degrees. 

Rotations in opposite directions introduce no complications. We can 
always take a position so that the horizontal axis shall point to the left; 
that is, that the forward part of the stratum shall be rotated upward. 
Then the vertical axis of rotation may either point downward, as in 
figure 1, or upward, as in figure 2; these two include all possible cases. 
We use the same formule for either case, always regarding ¢, and ¢, as 
positive, the one difference in the results being that the axis OR will lie 
behind or in front of OA, according as the vertical axis points down- 
ward (figure 1) or upward (figure 2). The angle between OF and OA 
will be ¢,/2 in both cases. 

The following table shows values of ¢ and ¢ when calculated by the 
accurate and by the approximate method (the latter indicated by the 
primes). The values selected for ¢, and ¢,, with the exception of the 
last, make them together equal to 90°; if their sums were smaller, the 
errors would be less : ; 


| 


1° 127 | 
2 17 
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On examining this table it will be seen that the error made by fol- 
lowing the approximate method will be small for any rotations likely 
to occur. In general, results sufficiently accurate will be obtained by 
determining the dip of the resultant axis and the amount of the result- 
ant rotation around it by the approximate method; but the azimuth of 
the resultant axis will make an angle ¢,/2 with the direction of the 
horizontal component axis. The positive direction of the resultant axis 
will dip downward if the positive direction of the vertical component 
axis is downward and vice versa. 
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BULLETIN OF THE GEOLOGICAL SOCIETY OF AMERICA 
VOL. 21, PP. 741-746 DECEMBER 31, 1910 


SUPPLEMENTARY NOTE ON THE ORGANIZATION OF 'THE 
GEOLOGICAL SOCIETY OF AMERICA! 


BY C. H. HITCHCOCK 


(Read before the Cordilleran Section of the Society March 26, 1910) 


The first volume of the Bulletin of the Geological Society of America 
opens with a historical sketch prepared by Alexander Winchell at the 
request of the Council. Reference was made first to the Association of 
American Geologists organized in 1840, and to its inclusion of the 
Naturalists, and to its development into the American Association for the 
Advancement of Science in 1847. With the multiplication of sections 
at the last reorganization Geology and Geography were combined with 
Section E. Many of the members were dissatisfied with this arrange- 
ment. These dissentients and others assembled at Cincinnati in 1881 and 
formulated their views in the following “circular letter,’ which was 
mailed to all the known geologists in the country: 


“To the Geologists of America: 

“At a meeting of the geologists in attendance at the Cincinnati session 
(1881) of the American Association for the Advancement of Science, the 
undersigned were appointed a committee to correspond with American geolo- 
gists respecting the formation of an American Geological Society, the result of 
such correspondence to be reported at the next meeting of the American Asso- 
ciation for the Advancement of Science. 4 

“Pursuant to such instructions, it is deemed best to present sundry consider- 
ations, some of them brought forward at Cincinnati, which seem to render it 
desirable that such a society be organized in America, and which have been 
approved, and hereby are presented jointly by the committee. 

“The committee are desirous of eliciting opinions from all active and pro- 
fessional geologists, to the end that more judicious and effective action may 
be taken at the next meeting. 

“1. The science of geology, with its kindred branches of paleontology and 
lithology, has made rapid progress in America—perhaps more rapid than in 
any other country—in the last twenty years. 


1In the absence of the author, this paper, which supplements the original historical 
sketch prepared by Alexander Winchell and printed in volume 1 of the Bulletin of the 
Society, was read by Secretary G. D. Louderback. 

Manuscript received by the Secretary of the Society May 9, 1910. 
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“2. The literature of geology is largely distributed through numerous scien. 
tifie journals and in the proceedings of miscellaneous scientific societies, to 
procure which is difficult and expensive. 

“3. The present facilities afforded through the American Association for the 
Advancement of Science are insufficient, and are unavailable by the working 
geologists of the country—because: (a@)The meetings are held in the summer, 
which is the geologist’s working season. In order to be present he must inter- 
rupt his work and leave the field, often at considerable expense, especially if 
he has a party with him. (b)Its brief meetings partake largely of the nature 
of vacation pleasure parties, and much of the time is engrossed by reception, 
gratulation, and excursions. (c) There is no sufficient avenue of publication 
of the work of geologists, and especially of paleontologists. (d) The associa- 
tion has become large, widespread, and popular in its work, membership, 
and organization that its spirit necessarily and properly is not favorable to 
the development of any special work through its own agency. 

“4. The geologists, as a body, have no way of expressing their views on im- 
portant state, national, or international measures, except through the medium 
of the American Association, at the meetings of which there is a perceptible 
and increasing lack of attendance and interest on the part of geologists, in 
consequence of which the actual views of the geologists of the country on such 
questions can not be obtained and expressed correctly. 

“5. There is a need of co-ordination of the results of State surveys, to the 
establishment of greater uniformity in nomenclature and classification. 

“6. There is a need of co-operation on the part of paleontologists and of 
some system in describing and publishing new species. 

“7, There is no strictly geological magazine or journal in America. 

“8. There is no strictly geological society in America. 

“9. There are numerous such societies and journals in Europe, as well as 
journals and societies devoted exclusively to the branches of palzontology and 
mineralogy. 

“The committee desire also to disclaim any intention to trespass on the field 
and plans of the American Association for the Advancement of Science, or to 
criticise it in any way as to the discharge of its functions. Its tendency is to 
popularize science and to advance its acceptance by the world by diffusing 
scientific knowledge and by announcing important discoveries, and as such its 
sphere of activity is one that no special scientific body can occupy, but which 
still will be aided by the existence of tributary organizations, such as that 
contemplated by this circular. 

“Persons to whom this circular is addressed are requested to communicate 
promptly their views and recommendations to any member of the committee, 
in order that a report may be presented at the Montreal meeting of the Amer- 
ican Association embodying such recommendations as may be warranted by 
the correspondence and summarizing the same. 

“(Signed) N. H. WrncHett, State Geologist of Minnesota, Minneapolis, 

Minnesota. 
Joun R. Procter, State Geologist of Kentucky, Frankfort, Ken- 


tucky. 

Henry S. WiiutaMs, Professor of Paleontology, Cornell Univer- 
sity, Ithaca, New York. 

Joun CoLiett, State Geologist of Indiana, Indianapolis, Indiana. 
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G. C. SwaLLow, Professor of Geology, etc., University of Mis- 
souri, Columbia, Missouri. 

Wm. J. Davis, Paleontologist, Assistant Geological Survey of 
Kentucky, Louisville, Kentucky. 

S. A. MILLER, Palwontologist, Cincinnati, Ohio.” 


In response to this call, the geologists convened at Montreal and dis- 
cussed the subject further, as explained in the official report of their 
meeting, as follows: 


“At the Montreal meeting of the American Association for the Advancement 
of Science in August, 1882, a number of American geologists convened to con- 
sider the question of organizing an American Geological Society. Alexander 
Winchell was chosen Chairman and C. H. Hitchcock Secretary. Several meet- 
ings were held during the week, whose proceedings may be summed up in the 
following statements : 

“N. H. Winchell, chairman of the committee appointed at Cincinnati, in 
1881, to correspond with geologists upon the expediency of forming such a 
society, reported that from the circulars he had sent out ninety answers had 
been received, all but two of which expressed themselves as favoring the 
project. H. S. Williams reported that he had received answers from thirty 
persons, and §. A. Miller reported that he had received answers from six per- 
sons. In both cases the answers were favorable, so that out of one hundred 
twenty-six expressions of opinion, one hundred twenty-four were in favor of 
the project and only two opposed. 

“A committee, consisting of Jed Hotchkiss, R. P. Whitfield, and C. H. Hitch- 
cock, was appointed to consider the situation and to make recommendations. 
They reported that it was expedient to establish a geological magazine. This 
report was accepted and adopted. 

“The Cincinnati committee reported a constitution for the establishment of 
a geological association, which was discussed and laid upon the table, and the 
committee was requested to continue its investigations and report the next 
year at the Minneapolis meeting. 

“A committee consisting of C. H. Hitchcock, J. S. Newberry, N. H. Winchell, 
H. S. Williams, and G. H. Cook, was designated to confer with Major J. W. 
Powell, of Washington, in order to ascertain what encouragement might be 
afforded by him in the support of a geological magazine. 

“On motion of James Hall, it was voted to recommend to Section E the ap- 
pointment of a committee to confer with the Director of the United States 
Geological Survey in regard to cooperation between the National and State 
Geological Surveys. 

“The following named persons were present at these meetings: A. Winchell, 
N. H. Winchell, E. T. Cox, H. 8S. Williams, W. H. Niles, E. Orton, E. T. Nelson, 
Jed Hotchkiss, R. P. Whitfield, A. H. Worthen, I. C. White, E. W. Claypole, 
G. H. Cook, J. W. Spencer, J. S. Newberry, James Hall, T. S. Hunt, H. F. 
Walling, E. D. Cope, and C. H. Hitchcock. 

“The committee named above to confer with Major Powell reported that he 
expressed a desire for the success of the proposed magazine and a readiness 
to contribute to its welfare. He did not, however, think it would be well for 
him to be identified with its inception.” 
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The following is a copy of the report of what occurred at the Minne- 
apolis meeting : 


“At the Minneapolis meeting of the American Association for the Advance- 
ment of Science an adjourned session of the geologists interested in the estab- 
lishment of a geological society and a geological magazine was held, August 
21, 1883. A letter addressed to the President of Section E from the Minera- 
logical and Geological Section of the Philadelphia Academy of Sciences was 
read, in which the formation of an American society of geologists was favored, 
‘provided that such action shall be generally concurred in by American geolo- 
gists, and that its permanency and a liberal publication of professional papers 
be insured by an ample endowment fund.’ The letter was written by the 
Secretary, Charles A. Ashburner. 

“After various discussions, it was voted that a committee be appointed to 
confer with the Mineralogical and Geological Section of the Philadelphia 
Academy of Natural Sciences with reference to the formation of an American 
geological society and the establishment of a geological magazine. 

“The President and Secretary of Section E of the Philadelphia meeting of 
the American Association for the Advancement of Science were named as 
ex officio members of this committee, the others to be designated by the 
President, N. H. Winchell. As finally constituted, the committee consisted of 
N. H. Winchell, E. A. Smith, C. A. White, C. H. Hitchcock, and John Collett. 

“The geologists present at the Minneapolis meeting were N. H. Winchell, 
J. S. Newberry, T. S. Hunt, E. Orton, J. W. Spencer, E. T. Cox, J. W. Powell, 
W. Upham, J. P. Lesley, E. W. Claypole, and C. H. Hitchcock. 

“A true report: 

“C. H. Hircucock, 


“MINNEAPOLIS, MINNESOTA, August 22, 1883.” Secretary. 


For various reasons, no meetings of this committee were held at Phila- 
delphia in 1884, nor at the subsequent sessions of Section E at Ann 
Arbor in 1885, at Buffalo in 1886, and at New York in 1887. 

Those who were interested in the establishment of a geological maga- 
zine organized, and began with the year 1888 the publication of the 
American Geologist, a monthly periodical, with seven editors and pro- 
prietors, and the editorial office and management were located at Minne- 
apolis. This was a private enterprise approved of but not supported by 
the committee. 

It was now 1888. The officers appointed by the geologists in 1882- 
1883 had apparently become discouraged at the outlook. Perceiving that 
unless another effort was made very soon the project must fail, the 
writer proposed to N. H. Winchell that they jointly issue a call for 
another meeting of geologists to determine whether they might be ready 
to organize. They felt called upon to assume this initiative because they 
represented those who had been officially connected with the movement 
originating at Cincinnati. 
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TEXT OF-CALL FOR CLEVELAND MEETING 745 

The following is the text of the call, drawn up by the secretary and 

published in the American Geologist for June, 1888. Extra copies were 

distributed far and wide, and many geologists signified their approval 
of the scheme. 


“Geologists will recall the fact of the appointment of a committee of their 
number at the meeting of the A. A. A. S. in 1881 to consider the advisability 
of forming an American Geological Society. This committee sent out circulars 
asking for opinions, and received 126 answers to their inquiries, all but two of 
which expressed a belief in the expediency of organizing such a society. These 
facts were reported at Montreal in 1882. It was there voted expedient to 
establish a geological magazine. A proposed constitution for a society was 
presented, discussed, and laid upon the table for future consideration. At the 
adjourned meeting in 1883, at Minneapolis, the questions of the magazine and 
society were further considered. Little was accomplished beyond the appoint- 
ment of a committee to confer with the Mineralogical and Geological section 
of the Philadelphia Academy of Natural Sciences. For various reasons no 
meeting was called to discuss the subject at Philadelphia. Since then regret 
has been expressed by some who were at first opposed to the project that the 
effort had not been pressed. At the New York meeting of the International 
Congress Committee (A. A. A. S.), August, 1887, the following resolution was 
passed: ‘That the American Committee of the International Congress will ap- 
prove of a call for the meeting of an American Geological Congress, whose 
object shall be the discussion of important geological questions.’ 

“The chief objection to the establishment of an American Geological Society 
has been the fear that its existence would impair interest and attendance at 
the meetings of the American Association for the Advancement of Science. 
But if the new society could be made identical with Section E, retaining the 
officers chosen at the meetings of the A. A. A. S., and having the power to 
assemble at other times during the year, adopting necessary regulations for the 
extra sessions, it would seem as if the geologists might obtain all the advan- 
tages of a special organization. 

“The chairman and secretary of the above named committee of American 
geologists would therefore call upon all American geologists to assemble with 
them at Cleveland, Ohio, at 3 p. m. of Tuesday, August 14th, the day before 
the next session of the A. A. A. S., and, if deemed expedient, organize a society 
subject to the following limitations: 

“1. The members of the society shall be also members of the A. A. A. 8S. 

“2. The president and secretary of the new society shall be the gentlemen 
elected to these offices by the A. A. A. S. 

“3. It will be recommended to Section BE at its formal session to offer an 
amendment to the constitution of the A. A. A. §., that Section E may be 
allowed to hold meetings at such time and place as they may desire, inde- 
pendently of the other sections, subject to their own regulations. 

“(Signed ) N. H. Chairman. 
“C, H. Hitrcucock, Secretary.” 


This final call proved to be a success. At the day appointed a large 
number of geologists assembled at Cleveland and unanimously resolved 
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that it was time to organize an American geological society. The precise 
relations of the new organization to Section E advocated in the call were 
modified. It was agreed that the original members of the new society 
should be restricted to those who were enrolled in the American Associa- 
tion for the Advancement of Science, but that after January 1, 1889, 
other persons would be eligible. The new society was to be entirely dis- 
tinct from Section E, while the summer meetings were to be held at the 
same locality. 

Thirty-seven persons subscribed to the provisional constitution before 
the adjournment of the Association at Cleveland, and by November 1 
more than one hundred names had been obtained, and the establishment 
of a vigorous geological society was assured. No further mention of the 
various steps by which the organization was perfected need be mentioned, 
as they are given in volume 1, our object being simply to complete the 
records of the early history of the organization. 

A second historical sketch, giving the details subsequent to the Cleve- 
land meeting and the final organization at Ithaca December 27, is given 
in the American Geologist for February, 1889. 

The names of the thirty-seven persons who were the first to accept the 
conditions of fellowship at Cleveland are the following: 


Peter NEFF. 

J. W. 
JuLius POHLMAN. 
J. F. Kemp. 

J. H. CHapin. 

A. W. Vo@peEs. 
_Geo. F. Kunz. 

C. W. Hatt. 


J. S. NeEwBerryY. 
ALEXANDER WINCHELL. 
GrorGE H. Cook. 

H. 8S. 

N. H. WINCHELL. 

L. E. Hicks. 

EpWarpb ORTON. 

C. H. Hircncock. 


J. C. BRANNER. 
JouHNn R. Procter. 
J. J. STEVENSON. 
W J 
Cuas. C. 
D. S. 
Apert L. Arey. 
A. D. Morritt. 

J. W. SPENCER. 
H. P. Cusuine. 


PERSIFOR FRAZER. 


FREDERICK W. SIMONDs. 
S. G. WILLIAMs. 

G. F. Wrigut. 

J. E. Topp. 

Homer T. Futter. 

H. B. Patron. 

W. E. TAYtor. 

N. H. Crump. 

W. H. PETTer. 

A. E. Foore. 
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Previous INVESTIGATORS 


The Richmond bowlder train has been a subject of study and discus- 
sion among geologists since before the middle of the last century. It was 
discovered and first traced across the country by Dr. 8S. Reid, formerly of 
Richmond, Massachusetts, and, according to Benton, was first described 
by him in 1842. Reid had several papers on this subject, and it was dis- 
cussed by Edward Hitchcock and by H. D. and W. B. Rogers in 1845, 
by E. Desor in 1848, and by Sir Charles Lyell in 1855. These early 
writings were at a time when the glacial theory of Louis Agassiz was 
new and not yet generally accepted. The different ways in which these 
authors explain the origin of the bowlder trains is interesting now chiefly 
from a historical point of view. 


LocaTION AND CHARACTERISTICS OF RICHMOND TRAIN 


The Richmond train extends from Fryes Hill, otherwise known as “The 
Knob,” which stands on the line between the towns of New Lebanon and 
New Canaan, in the northeastern part of Columbia County, New York. 
A small area on the top of the knob is composed of chloritic or amphib- 
olite schist. The exposure of this rock is about half a mile long and a 
quarter of a mile wide and forms the lightest knob of the Canaan and 
Lebanon range. 


14 Manuscript received by the Secretary of the Society October 3, 1910. 
Published by permission of the Director of the United States Geological Survey. 
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748 F. B. TAYLOR—RICHMOND-GREAT BARRINGTON BOWLDER TRAINS 


The principal train, concerning which so much has been written, ex- 
tends in a nearly straight line from Fryes Hill about south 40 degrees 
east. 


It is easily traced for 7 or 8 miles into Berkshire County, Massa- 
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chusetts, and is faintly traceable for about twice this distance. 


The 
bowlders are quite numerous and many of them are large in the first 7 
miles, but beyond this they grow scattered and of smaller size. 
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The most remarkable characteristic of this train is the nearly straight 
course which it takes diagonally across a region of mountain ridges and 
valleys. From Fryes Hill the train crosses Shaker Valley, then over the 
summit of the Taconic Mountain range, then over the wider Richmond 
Valley, then over the Lenox Mountain range, thinning out in the neigh- 
borhood of the Stockbridge Bowl and in the Housatonic Valley beyond. 
The accompanying sketch map shows the course of the Richmond train, 
and also the distribution of the Great Barrington bowlders so far as now 
mapped. 

Benton, who has written the most detailed description of the Rich- 
mond trains,? recognizes several separate lines. On his map he shows 
two lines near Fryes Hill and four in Richmond. 

The less prominent lines are composed mainly of metamorphic lime- 
stone and sandstone from other parts of Canaan and Lebanon range than 
that in which the amphibolite is situated, but they are weak and poorly 
defined, and the chief interest centers in the principal train, composed 
of amphibolite blocks. 

The writer’s study of the bowlders of this region was incidental to 
other work and was not so thorough as could be wished. But it was 
found that, besides the bowlder trains previously described, there is ap- 
parently another which takes a different direction from Fryes Hill, and 
that the bowlders composing it, although of the same rock as the Rich- 
mond train, are very different in their appearance and condition. The 
whole line of the newly found train has not yet been studied in detail, 
so that the results presented are somewhat incomplete and the conclu- 
sions in some degree tentative. 

As stated above, the Richmond train runs in a direction about south 
40 degrees east from Fryes Hill. All the bowlders of this train are 
sharply angular in their forms and fresh in their appearance. They 
seem to show no weathering nor any rounding off of corners and edges, 
but have the appearance of freshly quarried blocks. Many of them are 
of large size, especially some of those in Shaker Valley and on the flanks 
of Perry Peak. The one most often described is the great bowlder in a 
pasture lot west of the road 2 miles north of Richmond station. This 
stands about 8 feet high, 14 feet long, and 10 feet wide, and a conside= 
able part is under ground. 


LocaTION AND CHARACTERISTICS OF THE GREAT BARRINGTON TRAIN 


The train recently found appears to begin in Shaker Valley southeast 
of Fryes Hill on the slope east of Queechy Lake, and from this place 


*E. R. Benton: “The Richmond bowlder trains.” Bulletin Museum of Comparative 
Zoology, Cambridge, Massachusetts, 1878, accompanied by a large detailed map. 
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runs southward along the western flank of the Tatonic Range to the base 
of Cunningham Hill, 2 miles northwest of State Line station on the 
Boston and Albany Railroad. In all probability it continues south and 
southeast through the gap at State Line, and thence southward toward 
Alford and Great Barrington, for in the valley of Seekonk Brook, in the 
vicinity of Alford, which is 5 miles northwest of Great Barrington, 
bowlders of this same amphibolite schist occur in considerable numbers, 
and their number increases southeastward toward Great Barrington, 
where they seem to have been concentrated by the ice movement. This 
interval of about 8 miles between the two parts of the train as now re- 
ported has not been examined in detail. From the few observations 
made, it is not believed that the bowlders are so numerous in it nor the 
train so well defined. For some distance north of Alford comparatively 
few were found in the valley, but the hills were not examined. 

The form and condition of these bowlders, both in that part of the 
train near Fryes Hill and near Great Barrington, is strongly contrasted 
with those of the Richmond train. Every bowlder found in this south- 
ward train is well rounded and shows marked effects of weathering. Not 
only is the surface discolored by oxidation to a grayish green in place of 
the clear, dark green of the fresh, angular surfaces of the Richmond 
blocks, but some of the effects of weathering have penetrated beneath the 
surface a quarter to half an inch, and deeper in diminishing strength. 
Among these bowlders none of great size were found, the largest being 
about 4+ feet in diameter, but a great many were found with diameters of 
114 to 2 feet. In certain places in the valley of the Seekonk below 
Alford and among the drumlins back of Great Barrington, as many as 
thirty or forty of these bowlders were found built into 200 feet of ordi- 
nary stone wall along the roadside, and there still remains a sprinkling 
of them in the fields. There are also in the same walls rounded and 
weathered bowlders of several other varieties of rock. Among these is 
one which must be carefully distinguished from the amphibolite on ac- 
count of its close resemblance in color and hardness. This is the green 
Rensselaer grit. It is many times more common, but is readily distin- 
guished by characteristics of a freshly fractured surface. So far as ob- 
served, the howlders along the base of the hill south of Queechy Lake are 
mostly smaller and not so many as near Great Barrington, but they are 
of the same rounded, weathered character, entirely unlike the angular 
blocks of the Richmond train. 

The bowlders near Great Barrington are 16 to 17 miles from Fryes 
Hill and nearly straight south of it. On account of this distance and 
direction, there is, perhaps, some reason to doubt whether they were de- 
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rived from that hill. But on this point it may be said that the bowlders 
south of Queechy Lake, being of the same character, suggest the begin- 
ning of a train leading southward, and occasional bowlders of the same 
kind occur between State Line and Great Barrington, both in the valley 
of Seekonk Brook and of Williams River, farther east, although par- 
ticular search for them has not been made in this interval. 

It is, of course, possible that the Great Barrington bowlders were de- 
rived from some other nearer source than Fryes Hill, but no other out- 
crop of amphibolite schist is known in the region north and northwest of 
Great Barrington. Smaller bowlders of the same rock in the same condi- 
tion were found occasionally on a line running south-southeast from 
Great Barrington nearly to the south line of Massachusetts. Several 
were found where this line crosses Konkapot Valley 2 or 3 miles south 
of Mill River. Two or three small bowlders of this same rock were found 
about 3 miles south of Tolland, Massachusetts. The latter seem likely to 
belong to the Richmond train, for they lie in line of its trend produced. 

Amphibolite schist occurs also on Haystack Mountain north of Nor- 
folk, Connecticut, and at points from 1 to 2 miles farther north, but 
none of the bowlders mentioned, neither those in the Konkapot Valley, 
north of Haystack Mountain, nor those south of Tolland, can be sup- 
posed to come from these outcrops by glacial transportation, for the 
trend of the ice movement was toward this mountain from Konkapot 
Valley, and they would have to be carried 10 miles a little north of east 
to reach the locality south of Tolland. 


ProBABLE History oF BowLpers OF THE GREAT Barrincron TRAIN 


The rounded, weathered condition of all the bowlders of the Great 
Barrington train bespeaks a very different history from that of the Rich- 
mond train. The Richmond blocks appear to have been plucked from 
the summit of Fryes Hill by the last ice-sheet, carried on or in the upper 
part of the ice and strewn across the country on the line of ice move- 
ment. They appear to have been deposited or let down on the surface. 
The Great Barrington bowlders, on the other hand, are water worn and 
weathered and more intimately associated with the till, as if they had 
been transported in the dirt-laden basal part of the ice. 

These bowlders were in all probability detached from Fryes Hill in 
preglacial or interglacial times and were water worn and weathered 
before the coming of the Wisconsin ice-sheet. These characteristics must 
have been acquired by them before they were finally incorporated into 
the drift and deposited where they are now found. 
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There are also some amphibolite bowlders in this condition in the line 
of the Richmond train, for Benton says: “In a cut on the Boston and 
Albany Railroad, three-quarters of a mile northeast of Richmond station, 
are completely rounded and polished bowlders, some of which have a 
length of 4 or 5 feet. They are composed of limestone and of chlorite 
schist, and a few exhibit well marked parallel strie.”* That there was a 
pre-Wisconsin ice invasion of this region is not open to doubt, for a 
deep, indurated bed of bowldery till, plainly older than the Wisconsin, 
is well exposed in the excavation for the new water power plant on the 
Housatonic River just below Glendale. The Great Barrington bowlders, 
however, may not constitute a train of the same character as the Rich- 
mond train. It seems probable that their immediate source was a great 
weathered talus around Fryes Hill, and perhaps also from bowlder paved 
river beds near it. It seems difficult to account otherwise for the rounded, 
weathered condition of these bowlders. 


* Loc. cit., p. 25. 
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POST-TERTIARY HISTORY OF THE LAKES OF ASIA MINOR AND SYRIA 
BY ELLSWORTH HUNTINGTON 


(Abstract) 


A study of the lakes of the Anatolian plateau and of Syria was one of the 
chief objects of the Yale Expedition of 1909. The lakes fall naturally into five 
groups, namely, normal fresh-water lakes with ordinary outlets, salt lakes of 


the common type without outlets, karst lakes with underground outlets in } 
limestone regions, glacial lakes with no definite outlets, but kept fresh by 
underground seepage, and crater lakes with similar indefinite outlets. In “ 


Syria the number of lakes is small; there are no glacial lakes, and the other 
four types are sharply differentiated. The most interesting problems are, first, 
the part played by lava flows and deltaic deposits in the formation of lakes 
Ifuleh and Galilee, and, second, the problematic former outlet of the Dead Sea 
and the fluctuations to which this lake has been subject in post-Tertiary times. 
In Anatolia the number of lakes is large and the various types merge into one 
another. For instance, crater lakes are sometimes saline, normal lakes have 
in some cases been drained by underground outlets, and salt lakes have in the 
past overflowed and been fresh. A comparison of the ancient strands and 
deposits of the lakes of both regions affords abundant data for the reconstruc- 
tion of the varied climatic history of western Asia since the close of the Ter- 
tiary era. d 


Discussion 


Dr. F. P. Gutiiver: I should like to ask Doctor Huntington if he found any 
marked differences in the forms of his series of five shorelines, such that it 
might be possible to distinguish each earlier from later formed shorelines. 
Such distinctions of form would be helpful in determining the time since the 
elevation of the land took place. With these five shorelines in Palestine and 
Asia Minor so closely connected with historic data, it seems as If it would be 
possible to make out a succession of forms resulting from weathering, stream 
action, wind action, etcetera, since the several shorelines were formed. 
Prof. W. M. Davis: Is it necessary to suppose that the two lakes had ever ( 
risen high enough to overflow the inclosing highlands, and thus begin the 
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erosion of their outlet gorges? Is it not probable that the gorge cutting may 
have accompanied the uplift of the highlands; or, in case the lake basins 
occupy weak structures, that the erosion of the basins has been accomplished 
in the same period of time as the erosion of the gorges? Hercegovina shows 
similar features without any indication of overflowing lakes. 

Prof. D. W. Jounson: I wish to report the occurrence, in eastern West 
Virginia, of a small valley from which the stream has been recently diverted 
to an underground course through limestone caverns, the stream reentering 
the valley farther down its course. Thus we have a continuous stream-carved 
valley, one section of which is no longer occupied by a stream. If this condi- 
tion prevails for some time, the upper part of the valley might be reduced 
slightly below the level of the deserted portion. Obstruction of the opening 
into the caverns through which the stream disappears would produce a lake 
which might overflow at times through the deserted section of the valley. 
Possibly a similar condition may explain the lakes and deserted outlet gorges 
mentioned by Doctor Huntington. 

Prof. JosePpH BarreLL: Small rhythmic fluctuations of climate, of which 
the longest well established cycle is 35 years, have become generally accepted, 
but are regarded by most meteorologists as of small magnitude and not lead- 
ing toward larger and more permanent climatic changes. Doctor Huntington, 
in his work, however, has brought together a mass of data and develops con- 
clusions of very different import. Climatic changes of pronounced character 
and enduring for centuries are seen to have taken place within historic times— 
changes of such magnitude that they are recognizable from their geologic 
records. The question arises as to how these climatic changes are related to 
the geologic past. Are they parts of a cycle some thousands of years in length 
which has consequently not yet become completed within historic times, and is 
such a cycle, if it exists, one which in rising and falling series has run through 
geologic times? 

As Lyell showed that the present is the key to the past in the crustal history 
of the earth, similarly the key to the climatic history is to be found in the 
study of the present climates and their fluctuations. It is seen from Hunting- 
ton’s work that the recent changes are not dependent on the precession cycle 
of about 21,000 years, and this may go far toward clearing up several difficul- 
ties. F. B. Taylor,’ for instance, in his study of the moraines of recession 
south of the Great Lakes finds fifteen of the first order between Cincinnati 
and Mackinac. 

At the time, in 1896, it seemed necessary to correlate these changes with the 
precession cycle, but this gives an excessive duration for the retreat of the ice- 
sheet, and Taylor remarks that a period of between 5,000 and 10,000 years 
would seem to accord more closely with the phenomena. 

Further, in 1893, Gilbert? called attention to a rhythmic alternation of argil- 
laceous and calcareous beds in a portion of the upper Cretaceous of Colorado 
running through 3,900 feet of strata, a single rhythm averaging 4 feet. He con- 
siders the alternations to be of climatic origin and, because no other competent 


1 Moraines of recession and their significance in glacial theory. Journal of Geology, 
vol. v, 1897, pp. 421-465. 

2 Sedimentary measurement of Cretaceous time. Journal of Geology, vol. fil, pp. 121- 
127. 
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climatic cycle was known to him, he assumed that each rhythm represented 
the precession cycle. But this gives, as he himself has pointed out, what is 
generally regarded as the excessive estimate of 20,000,000 years for a part of 
upper Cretaceous time. Similar sedimentary rhythms, though generally less 
regularly developed, have been noted in many formations, extending even into 
the Algonkian. 

It is seen that the precession cycle does not appear to fit well to either the 
late Pleistocene moraines of recession or to the Cretaceous shales. Hunting- 
ton’s work, by permitting us to consider climatic cycles of intermediate periods 
and independent of precession, brings these observations into greater harmony 
with other lines of investigation. 

It must not be forgotten, however, that recent work in radioactivity tends 
to give far greater estimates to the duration of geologic time, and that it woulé 
be premature to abandon the precession cycle as one of the still possible expla- 
nations of these geologic rhythms, but the field of geologic theory is enriched 
by the additional possibility that these recurrent changes are similar in nature 
to those changes which have operated with pronounced effect in historic times. 

Dr. EttswortH Huntineton: To Professor Davis’s criticism on nomen- 
clature I would reply that the point as to the term “fiords” seems well taken. 
The term “Alpine” is properly applicable to mountains like those of the 
Taurus, which rise to a height of 10,000 feet and which contained glaciers 
during the Glacial period. My use of the term applied not merely to rock 
forms, however, but also to the wooded aspect of the region. We need terms 
which describe not only form, but also the nature of the vegetation of a region. 

Meaning of the gorges: There may possibly have been an uplift whereby 
the cutting of gorges was occasioned at the outlets of lakes Kara Viran and 
Koghadeh. , Il saw no evidence of this, however, in the form of other young or 
revived valleys such as would be occasioned by uplift. The material of the 
broad valleys where the lakes lie appears to have been largely carried off in 
solution through underground outlets. 

As to age of strands: The strands of the Dead Sea and Lake Buldur vary 
greatly in age and in the amount of change which they have suffered. The 
characteristics of each are sufficiently pronounced, so that it ought to be pos- 
sible to identify them merely from the amount of weathering and erosion. It 
is possible that sufficient study would enable us to estimate the age of the 
strands in years by comparing them with the minor features which can be 
definitely dated. 


TIDE-WATER GLACIERS OF PRINCE WILLIAM SOUND AND KENAI PENINSULA, 
ALASKA® 


BY U. S. GRANT 
(Abstract) 


The Alaskan coastline between the mouth of Copper River and Cook Inlet is 
deeply indented by bays and fiords, the heads of some of which are occupied 
by glaciers discharging Into the sea. These have been mentioned in the reports 
on this district and some of them were studied by the Harriman Alaska Expe- 
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dition in 1899. Work on the geology and ore deposits of this district for the 
United States Geological Survey has given opportunity for further study of 
these glaciers and the mapping of the fronts of all of them. As a rule there 
has been since the growth of the present forest a period of retreat in the case 
of these glaciers. One, the Barry, has its front 2 miles farther back than in 
1899. The best known of these glaciers, the Columbia, was advancing rapidly 
in the summer of 1909 into the forested zone along its front. 


OSCILLATIONS OF ALASKAN GLACIERS 


BY R. S. TARR AND LAWRENCE MARTIN 
(Abstract) 


The National Geographic Society’s Alaskan Expedition of 1909 observed the 
following glacial oscillations. In Yakutat Bay the Marvine lobe of Malaspina 
glacier and the Atrevida, Haenke, and Variegated glaciers have ceased the 
advance which began in the winter of 1905-1906. The Hidden glacier has ad- 
vanced over 2 miles since 1906, but has now begun to shrink away from the 
new shore moraines. Hubbard glacier has advanced slightly. Lucia glacier is 
newly crevassed and advancing this summer (1909) and is riding up on a 
nunatak. These oscillations confirm the earthquake-avalanche theory for 
glacial advance, proposed in 1906 by the senior author, and furnish facts as to 
the brevity of such advances. On the lower Copper River the Childs glacier 
was more active in 1909 than 1908, but the position of the front remains un- 
ehanged. The Miles, Childs, and Baird glaciers are essentially as in 1884, 
1885, 1891, and 1900. In eastern Prince William Sound the Valdez and Shoup 
glaciers are slowly receding. The Columbia glacier has advanced rapidly since 
1908 and is building moraines and destroying the forest, as was observed by 
Prof. U. S. Grant early in 1909 and by the National Geographic Society expe 
dition later in the season. The events in the glaciation of Prince William 
Sound differ decidedly from those in the Yakutat Bay region. 


Discussion 


Dr. F. E. Marries: The cause assigned for the spasmodic advance of the 
Alaskan glaciers by Professors Tarr and Martin is no doubt a competent one 
and probably the true one; at the same time it is not a necessary one. The 
mode of advance of glaciers is normally spasmodic. Why this should be is 
not clear, as the mechanics of glacial flow involved is as yet imperfectly under- 
stood. The fact, however, has been satisfactorily established by experiments 
on ice-flow under regulated pressure recently made by German investigators 
and described by Professor Hess in his treatise “Die Gletscher.” These experi- 
ments show that ice confined in a reservoir remains inert under steadily in- 
creasing pressure until a certain point is reached when flow sets in, slowly at 
first, but increasing rapidly in velocity, even though the pressure remains con- 
stant or Is diminished. The flow then continues with gradually diminishing 
velocity until the reservoir is well depleted. when the ice-mass returns to its 
inert state. The conditions in nature very closely parallel those obtaining in 
the experiments. The annual overflow from a glacial cirque does not corre- 
spond to the annual accretions; but the snow keeps on accumulating for 
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several years, as a rule, until sufficient pressure is reached to inaugurate a 
strong and rapidly accelerated forward movement. A conspicuous advance of 
the glacial front results, which does not stop until the cirque is drained to a 
low level. 

Professor MARTIN replied that it seemed to him that the fact that normal 
glacial advance is spasmodic, as shown by Mr. Matthes, did not make any par- 
ticular complication in the question discussed. The localization of the spas- 
modie advances in and near Yakutat Bay make it evident that these advances 
are due to earthquake-avalanching during the earthquakes of September, 1890, 
which were central in Yakutat Bay. 


SOME EFFECTS OF GLACIER ACTION IN ICELAND 


BY FRED E. WRIGHT 
Published as pages 717-730 of this volume. 
Discussion 


Prof. W. M. Davis remarked that “U-shaped” was an unsatisfactory term 
with which to characterize glacial troughs because many of them are round- 
bottom V’s, the difference between the two forms probably corresponding to 
young and mature phases of glacial erosion. 


CLIFF SCULPTURE OF THE YOSEMITE VALLEY 
BY F. E. MATTHES * 
(Abstract) 


The Yosemite Valley may be epitomized as a glacial canyon laid in strue- 
turally aberrant materials. It is to the latter circumstance chiefly that the 
valley owes its remarkable wealth of sculptured forms. These are not inher- 
ently a product of either stream or ice erosion; they are a function of the 
structure of the country rock. The granites of the Yosemite region may be 
pictured as consisting of many huge monolithic masses imbedded in a matrix 
of more or less strongly fissured rock. This unusual structural habit naturally 
carries with it extreme inequality of resistance to disintegration. As a conse- 
quence rock structure has played a prominent réle in the evolution of the 
topography of the region. The Yosemite landscape indeed reflects in its fea- 
tures the structural character of the materials from which it has been carved ; 
its dominating heights consist invariably of intractable monoliths; its canyons 
and guiches are due to zones of easily eroded fissile rock. The glacial cross 
cliffs and lake basins in the valley floors, the headlands and embayments of 
the rock walls have in each case evolved in obedience to local structural con- 
trols. The very trend and profile of each cliff has been determined by struc- 
tural planes. Indeed every rock form and monument of the valley is to be 
interpreted as an expression of its associated structures. This applies also to 
those notches and niches about the waterfalls, which have heretofore been 
explained as the result of the shifting of the falls in Glacial times. 


‘Introduced by M. R. Campbell. 
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Discussion 


Prof. D. W. Jounson: Field observation and the inspection of the excellent 
maps of the Yosemite Valley prepared by Mr. Matthes impress me with the 
important control exerted by joint planes on the details of cliff sculpture in the 
Yosemite, and also with the remarkable fidelity with which contours represent 
such details when the right man is behind the pencil. An examination of Mr. 
Matthes’ map when it first appeared convinced me that Branner’s explanation 
of the notches beside the Yosemite Falls would not apply in a number of the 
eases cited, and an examination of those notches last summer confirmed my 
belief that many of the notches result from weathering along joint planes and 
have never been occupied by streams. Only. a few weeks ago did I learn that 
Mr. Matthes had come to the same conclusion a year or two earlier. 

Mr. Matthes apparently supports the theory that stream erosion on the 
jointed rocks is competent to explain the peculiar features of the Yosemite, 
sometimes ascribed to glacial erosion; in other words, the joint structure ex- 
plains the broad bottomed, overdeepened valley. I should like to suggest 
another interpretation, namely, that the glacial overdeepening of the main 
valley and the oversteepening of its walls has made possible the remarkable 
cliff sculpture guided by joint planes. Not until the glacier formed its deep 
trough, with almost vertical sides, could weathering and gravity work so 
effectively as to produce the present topography. Overdeepening by normal 
stream erosion even in jointed or fissured rocks does not seem competent to 
produce a deep, open, flat-floored valley, whose tributaries hang 2,000 and more 
feet above the valley floor. 


FURTHER LIGHT ON THE GORGE OF THE HUDSON 
BY JAMES F. KEMP 
(Abstract) 


The paper gave the latest evidence furnished by the deep borings in the 
Hudson Valley at the Storm King crossing of the New York City aqueduct. 
and cited the results of the construction of the Pennsy)vania Railroad tunnels 
opposite Thirty-third street, New York. The facts were interpreted, involving 
a discussion of the general problem of glacial overdeepening. 


DISCUSSION 


Dr. J. W. Spencer: I should like to ask if Professor Kemp has any evidence 
of this being the former northward development of the Hudson Channel north 
of Storm King, as topographic features suggest such diversion. Lake Cham- 
plain is 400 feet deep, besides which there has been considerable northward 
warping in recent post-Glacial time, and the depth of the Saguenay is about 
900 feet. The Gulf of Saint Lawrence shows a recent subsidence of 2,000 feet 
or more. The topography suggests that the Highlands once formed a divide 
between a branch of the northern Saint Lawrence drainage and the more 
rapid grades to the drowned Hudson River canyon extending to more than 
100 miles seaward from New York. 

Professor Kemp replied that there were ledges of Hudson River slate all 
across the river a few miles above Troy, and that unless there were a buried 
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channel, of which nothing was known, the river could not have found a 
passage north. 


GLACIAL LAKES AND CHANNELS NEAR SYRACUSE* 
BY T. C. HOPKINS 


(Abstract) 


Where the south-moving glacier met the north slope of the Allegheny pla- 
teau with its northward drainage there would be considerable ponding of the 
waters that could be released only by an east or west outlet. During this 
east-west drainage across the divides between the north-flowing streams 
numerous high channels would be formed. Where these glacial streams drop 
over a cliff, a basin or pool would be eroded that after the disappearance of 
the glacial stream would remain as a pond or lake. The writer has evidence 
to indicate that a number of these so-called glacial lakes were not formed in 
this way, but are due in large measure to solution by the ground waters. 


ISOBASES OF THE ALGONQUIN AND IROQUOIS BEACHES AND THEIR 
SIGNIFICANCE 


BY J. W. GOLDTHWAIT 


Published as pages 227-248 of this volume. 


Discussion 


Dr. J. W. Spencer said that he was much interested in the work of Pro- 
fessor Goldthwait, who had extended the surveys of the Algonquin beach to 
the west about Lake Michigan. Doctor Spencer also stated that all his own 
leveling of the Algonquin some twenty years ago, as also that of the Iroquois 
beach on the north side of Lake Ontario, had been made by use of the “Y”- 
level. He also said that he had shown that the upward warping of the Huron 
and Ontario regions pointed to an ellipse north of the city of Ottawa rather 
than to a center of glaciation. This was some three years before De Geer 
visited the region. Dector Spencer said that he was particularly gratified that 
the newer details brought out by Professor Goldthwait fully confirmed the 
original conclusions. 

Mr. F. B. Taynor: The gravelly delta at Peterboro, Ontario, is apparently 
in a slightly constricted bay connecting with Lake Iroquois, as has been stated 
by Coleman, and may be very slightly higher than the Iroquois beach on that 
account. But it Is also in the belt bordering on the Archean area, where the 
old water plane as found at Kirkfield and Orillia takes on a relatively sudden 
increase in the rate of its northeastward rise. Thus it may after all stand at 
or very nearly at the Iroquois level, although it seems at first too high. 

Professor GoLpTHWAIT replied as follows: These methods have been pre- 
sented in earlier papers. The crest of a beach ridge or the foot of a sharply 
cut bluff, where most typically developed, have been selected for measure- 
ment. Usually the modern lake has been used as a starting point from which 
to run the levels. The original variations in height of the beach and the pos- 
sible error in the leveling together are probably not over 7 or 8 feet. In spite 
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of this variation, however, which cannot be eliminated from the measure- 
ments, the twenty measurements on the Algonquin beach south of the hinge 
line have a variation of only 7 feet. 


SHORELINES OF THE GLACIAL LAKES IN THE OBERLIN QUADRANGLE, 
OHIO 


BY FRANK CARNEY 
(Abstract) 


The paper described the varying features shown in the shorelines of the 
Maumee, Whittlesey, and Warren Lake stages, and discussed the factors 
involved. 


GLACIAL INVESTIGATIONS IN THE LAKE SUPERIOR REGION IN 190% 
BY FRANK LEVERETT 
(Abstract) 


The studies in 1909 were in the district west of Marquette, the district to 
the east having been covered in previous years. They were extended across 
northern Michigan and Wisconsin into Minnesota, and embraced the territory 
directly tributary to Lake Superier from the south and part of the drainage 
to Lake Michigan and to the Mississippi, but did not reach to the border of 
the Driftless Area. The moraines as well as shorelines of glacial lakes indi- 
eate a general northeastward recession of the ice-field. Interlobate moraines 
were formed on the Keweenaw Peninsula and the Bayfield Peninsula, and 
there was also a reentrant at the Porcupine Mountains, with slight lobation 
on either side. The western Superior glacial lake, Lake Duluth, was found to 
have extended eastward beyond the Keweenaw Peninsula before a lowering to 
the level of its successor, Lake Algonquin, took place. It reached an altitude 
more than 700 feet above Lake Superior on the eastern part of the Keweenaw 
Peninsula, while its altitude at the western end of the Superior basin was 
only about 465 feet above Lake Superior. Its isobases trend approximately 
west-northwest to east-southeast, thus harmonizing with those of Lake Nipis- 
sing, as worked out by Taylor, for the basins of the three upper Great Lakes. 
A differential uplift of nearly 3 feet per mile is found along a line running 
from Bruce crossing north-northeast to Calumet. There appears to have been 
very little uplift during the life of Lake Duluth, its highest shoreline being 
nearly parallel with the highest shore of Lake Algonquin. The uplift occurred 
mainly during the life of Lake Algonquin. The shore of Lake Nipissing is 
submerged westward from the Bayfield Peninsula, and is but 5 to 6 feet above 
Lake Superior in the vicinity of Bayfield. It reaches 40 feet above the lake on 
the Keweenaw Peninsula. 


DIVERSION OF THE MONTREAL RIVER 
BY ROBERT BELL 
(Abstract) 


This paper described a remarkable example of change in the destination of a 
large river, in which the stream has been diverted in post-Glacial times into 
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a new channel that carries its waters all the way to its present mouth in a 
straight course of 90 miles, which lacks only 45 degrees of being exactly oppo- 
site to that of the upper part of the stream, as well as its former continuation 
below the point at which the change took place; that is to say, that at a cer- 
tain point the course of the river was turned round through an angle of not 
less than 135 degrees, or from a north to a southeast direction, and made 
finally to discharge into the Atlantic Ocean instead of Hudson Bay. This 
singular occurrence was rendered possible from the fact that in one part of its 
course the river was barely able to pass across what has now become a low 
divide, and that a slow rising or tilting of the land to the southward gradually 
stopped the northward flow of the river, while at the same time the changing 
conditions induced a process of “stream-robbing” through a dam of loose drift 
material a short distance east of this increasing obstruction. The paper de- 
scribed numerous facts, which, taken together, seem to prove the manner in 
which this important and interesting phenomenon was accomplished. 


RELATIONSHIP OF NIAGARA RIVER TO THE GLACIAL PERIOD 
RELATIVE WORK OF THE TWO FALLS OF NIAGARA 


INTERRUPTION IN THE FLOW OF THE FALLS OF NIAGARA IN FEBRUARY, 
1909 


BY J. W. SPENCER 


Published as pages 433-448 of this volume. 


Discussion 


Prof. W. M. Davis asked for further information concerning the basis for 
correlating the deposits discovered by borings with the glacial and interglacial 
epochs. 

Prof. LAwreNcE MartTIN asked whether the several beds interpreted as 
interglacial showed signs of weathering or not. 

Mr. F. B. Taytor: I am not familiar with the particular facts which Doctor 
Spencer has just presented, but it is interesting to note that they appear to 
agree so far as they go with the exposures near Toronto. It is significant as 
bearing on the probable depth of the Saint Davids Channel that not only did 
the boring stop without reaching rock, but if the warm-climate beds found 
near Toronto occur here they must be at a still lower level, and so far as this 
is indicative it suggests that rock bottom may be considerably lower. 

Doctor Spencer, in answer to Professor Martin’s inquiry as to the state of ’ 
differential decay or oxidation of the deposits in the borings, said that such 
observations were impossible in the partial admixture of materials brought 
up by the operations. 

In reply to Professor Davis’s question as to the interglacial deposits, he 
stated that his paper is a correlation of the pre-Niagaran deposits with the 
glacial and interglacial deposits on the northern side of Lake Ontario at 
Toronto rather than with those of the Mississippi Valley. The most important 
interglacial period is that represented by a soil with a more northern flora 
than at present (now buried 180 feet)—at a time of enormous denudation. 
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The fuller history of the Glacial period is better studied east of Toronto, 
where the strata are exposed in Scarboro Heights. 


ORIGIN OF CLIFF LAKE, MONTANA 
BY G. R. MANSFIELD" 
(Abstract) 


Cliff Lake lies in south central Montana about 5 miles northwest of the 
continental divide, where the latter makes the pronounced bend that partly 
encloses the basin of Lake Henry in eastern Idaho. The lake was brought to 
public notice in 1872 by Hayden, who described it as formed in a volcanic 
fissure. At the present time popular belief ascribes the lake to a similar 
origin. The paper discussed the evidence for the hypothesis of volcanic origin 
and presented alternative evidence to show that the lake, though set deeply 
in a lava plateau, really occupies a portion of a river valley that was inter- 
rupted in early maturity by the advent of a glacier which left a series of 
morainic dams and thereby produced a group of small lakes, of which Cliff 
Lake is perhaps the most notable. 


Discussion 


Prof. W. M. Davis suggested the possibility that landslides from the steep 
valley sides might explain the formation of the lakes, and noted the fact that 
the hummocky surfaces of landslides often simulate the form of moraines. 

Professor MANSFIELD replied that the possible effect of landslides had been 
considered by him, but that the evidence appeared to favor a glacial origin 
for the obstructions which held in the lakes. 


ROCK STREAMS OF VETA MOUNTAIN, COLORADO 


BY H. B. PATTON 
Published as pages 663-676 of this volume. 


Discussion 


Prof. D. W. JoHNnson expressed his appreciation of the very instructive 
lantern slides shown by Professor Patton, and recalled an example of rock- 
streams in the so-called crater of the San Francisco Volcano, in Arizona, 
which terminates in a high and steep crescentic slope, and which he at first 
interpreted as a terminal moraine. 

Dr. F. E. MatrHes: On the northeast side of Pikes Peak there occur several 
deep, cirque-like depressions containing what appear to be strong morainic 
ridges composed of rock debris. The glacial origin of the latter features 
seemed, at the time of observation, beyond doubt. They may, however, turn 
out to be rock-streams like those described by Professor Patton, and renewed 
examination of them seems therefore desirable. 

Professor Patton said in reply that he had at times been inclined to at- 
tribute somewhat similar structures in high mountains to creep of the rock 
detritus, influenced by presence or absence of parallel snow-drifts, but that 
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this can not apply to the Veta Mountain rock-streams. It is also plain that 
these rock-streams can in no way be due to glacial action, as no signs of 
glacial action are to be seen within 10 or more miles. It is quite possible, 
therefore, that rock-streams may occur in many other places, heretofore 


unsuspected. 


MEANDERS AND SCALLUPS 
BY MARK JEFFERSON 
(Abstract) 


Meanders, or balanced swings in river courses, occur from source to mouth, 
though most fully developed in the plains part. The embayments or scallops 
produced in their upper course by meanders that come in contact with the 
bluff are of identical measurement with the meanders and serve to estimate 
the ancient volume of the stream. 


BEACH CUSPS 
BY MARK JEFFERSON 
(Abstract) 


Beach cusps are points of gravel or sand that occur at times on almost all 
beaches where these materials exist. Perspective foreshortening gives them a 
fictitious appearance of regularity. They are caused probably in various ways, 
by waves that play squarely on shore, either under on-shore winds or in still 
weather after storms, when the diminishing waves accommodate themselves 
more and more to the shape of the bottom and the configuration of the shore. 


NORTH AMERICAN NATURAL BRIDGES 


BY HERDMAN F, CLELAND 
Published as pages 313-338 of this volume. 


Discussion 


Dr. Horace C. Hovey remaked that he had no doubt that there were several 
different ways in which natural bridges might be formed, as had been so ad- 
mirably explained by the speaker. For himself he had been most interested 
in those found in caverns, or left as the strongest parts of cavern roofs, whose 
weaker portions had fallen in. Of the latter, the Natural Bridge of Virginia 
had long been considered an illustrious example. This theory was first ad- 
vanced in Jefferson’s Notes on Virginia, who credits it to Doctor Gilman, by 
whom it was claimed that the valley, or canyon, through which Cedar Creek 
flows was once a cavern, of which this great arch was the sole remnant. 
Doctor Hovey had seen small underground bridges in parts of Mammoth Cave 
and in some Virginia caves, particularly what is styled “Al Serat,” in Jewel 
Cavern, in the Green Briar Valley. 

A noble specimen of natural bridge-making abroad was seen in the Brama- 
biau Cave, near where the Jurassic limestone seems to roll like a_ billow 
against the granite flanks of the Cevennes Mountains in France. The small 
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river, Bonneheur, tlows under an arch about 40 feet wide and 30 high, emerges 
again to daylight at the distance of about 500 feet, then plunges under another 
arch, flows some 4,000 feet, to emerge finally, with a depth of 16 feet, in a 
eataract 35 feet high under a stupendous arch, estimated to be 300 feet high. 
Although styled a cave, the Bramabiau is really a gigantic natural bridge. 


SALT MARSH FORMATION NEAR BOSTON, AND ITS GEOLOGICAL 
SIGNIFICANCE 


BY CHARLES A. DAVIS® 
(Abstract) 


A description of some of the salt marshes near Boston, including newly dis- 
covered facts regarding the way in which they are formed and their bearing 
on geological history. These marshes have not been formed in depressions 
behind barrier beaches as the result of filling by plants and sediments in the 
resulting ponds, but have a quite different origin, which is plainly indicated 
in their structure and in the character of the plant material contained in 
them. The marshes contain easily interpreted records of a continued post- 
Glacial coastal subsidence that is still going on at a steady and uniform rate 
that it is possible to determine. The interpretation of these deposits also has 
an important bearing on the theories of formation of coal. 


GEOLOGICAL SUGGESTIONS DERIVED FROM A NEW ARRANGEMENT OF THE 
ELEMENTS 


BY B. K. EMERSON 
(Abstract) 


The elements were arranged in the order of the periodic law on an increas- 
ing helix—that is, on a half octave, two octaves, and four double octaves—and 
interesting physical and geological relations were brought out. 


MECHANICS OF FAULTS 
BY HARRY FIELDING REID 
(Abstract) 


The forces which can be considered as active in producing faults are: hori- 
zoutal tensions and compressions, vertical forces (upwards or downwards), 
and horizontal drags on the under surface of the crust. It was shown that in 
a uniform crust horizontal forces alone would produce normal or thrust faults 
having hades of 45 degrees; that the available vertical forces alone would pro- 
duce normal! faults with a smaller hade, and that the addition of a tension to 
a vertical force increases the hade, whereas the addition of a pressure dimin- 
ishes it. Drags generate pressure and tensions; they may cause faults with 
horizontal displacements. The elevation of large regions is due to vertical 
and not to tangential forces. 


’ Introduced by David White. 
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NEW LIGHT ON THE GEOLOGY OF THE WASATCH MOUNTAINS, UTAH 


BY ELIOT BLACKWELDER 
Published as pages 517-542 of this volume. 


DISCUSSION 


Mr. S. F. Emmons said that he was much gratified in listening to Mr. 
Blackwelder’s paper, for it explained many things that had puzzled him just 
40 years ago last summer, when, as geologist of the Survey of the 40th Par- 
allel, he surveyed the region under consideration, and a few years later was 
called on to outline its geological formations on the map. In those days 
“overthrust faulting” had not been invented. The range was regarded as a 
great anticlinal fold, with its axis somewhat warped by a north-south com- 
pression and its western flank cut off by the great Wahsatch fault. It had 
been his hope that this great range, which Dana in the last edition of his text 
book had characterized as the most comprehensive single range in the world. 
would long before this have been surveyed in detail, as Mr. Blackwelder’s 
work showed that it well deserved. ‘Time was so limited when the 40th 
Parallel work was done that by no means all of the country could be ade- 
quately studied, though it was all mapped. For instance, to Ogden Canyon, of 
which he speaks, only a single day’s work could be given; consequently it was 
only possible to ride to the head and back. In the summer of 1869, not only 
the whole Wahsatch range and the western end of the Uinta Mountains, but 
also over 5,000 square miles of desert ranges to the west had to be surveyed, 
and necessarily the ground had to be traversed very rapidly. 

As to the Weber quartzite, Mr. Emmons had observed that it thinned out to 
the southward as well as at the north, there being less than 2,000 feet in the 
Park City region, as Mr. Boutwell’s detailed work has shown, while at Mount 
Timpanogos, still farther south, it seems to be represented by an alternating 
series of limestones and quartzites, called by him the Intercalated series. On 
the other hand, in the next range to the westward, the survey of the Brigham 
district shows over 8,000 feet of quartzites in the Weber series. 


HAWAIIAN VOLCANOES 
BY REGINALD A. DALY 
(ADstract) 


Evidence was given for the view that the vent at Kilauea is an opening in 
the roof of a large laccolith. This conception offers a tentative explanation of 
the observed independence of Halemaumau and Mokuaweoweo (Mauna Loa). 
A small, visible taccolith on Hawaii was described. The paper also included a 
discussion of (a) the method by which the heat is maintained in Halemau- 
mau; (b) the differentiation of Mauna Kea alkaline rocks from basaltic 
magma, and (c) the development of Mauna Kea in its present form. 
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GENETIC CLASSIFICATION OF ACTIVE VOLCANOES 
BY T. A. JAGGAR, JB. 
(Abstract) 


The writer has studied seven active volcanoes in the !ast 8 years. Mer- 
ealli’s classification by types of eruption and kinds of lavas is not genetic and 
hence contains many overlaps. Volcanoes show kinship of origin and stages 
of growth related to a common origin. It is believed that a classification 
based on (1) the unity of all volcanic phenomena and (2) diversity of types, 
measured by viscosity of lavas, will produce a rational and significant series. 
This series was shown in tabular form. 


TARUMAI, A CUMULO-VOLCANIC ERUPTION IN JAPAN, 1909 
BY T. A. JAGGAR, JR. 
(Abstract) 


This volcano is in southeastern Yezo. It became active January 11, 1909, 
with a culminating eruption on April 12. Between April 12 and April 23 an 
extraordinary hard lava dome, a phenomenon hitherto unknown in Japan, 
rose within the crater. ‘The volcano otherwise is a cinder cone. The size, 
shape, and mechanism of the dome resemble Pelé and Bogoslof. The writer 
visited the volcano in May, 1909, accompanied by Japanese geologists. 


Discussion 


Prof. W. M. Davis: If it be intended that the seven types, beginning with 
Kilauea and ending with Fuji, represent successive stages of development, is 
it possible to find field evidence to show that the present Vesuvius has had a 
previous Kilauea stage, and that the present Fuji has been preceded by the 
various stages from the Kaluea through the Tarumai and Pelé stages? In the 
very nature of the case the evidence for Fuji would seem too difficult to re- 
cover. I can not help fearing that, as more examples are brought into this 
scheme, it will be found that the sequence of development is much more 
irregular than is here suggested. 

Mr. F. L. RANsoMeE pointed out that whereas Professor Jaggar’s classifica- 
tion of voleanoes is avowedly based on viscosity of the lavas erupted, this 
basis of grouping is apparent In the first five only of his eight types. The 
remaining three characterizations of primary rank in the classification, 
namely, no lava extruded, ancient lava only, and laccolithic lava, are not 
expressive or even suggestive of increasing degrees of viscosity, but involve 
classification on other bases than the one adopted In the first part of the 
table. Mr. Ransome questioned, moreover, the validity of including laccolithic 
intrusions in a classification of voleanoes, suggesting that the laccolithic form 
may be assumed by magmas of a wide range of viscosity and of varied 
chemical composition. 
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STRUCTURE OF THE NORTHERN PORTION OF THE EURBKA-VOLOANO- 
BURNING-SPRINGS ANTICLINE, IN PLEASANTS, WOOD, AND 
RITCHIE COUNTIES, WEST VIRGINIA 


BY F. G. CLAPP 
(Abstract) 


A geological examination of the northern portion of this anticline, followed 
by the plotting of its structure on the government topographic maps, shows 
that the anticline is not even approximately straight or of uniform height or 
width, as had generally been assumed by geologists and oil operators; on 
the contrary, it is very irregular. The strike of this portion of the anticline 
ranges from north 20 degrees east to north 10 degrees west. The width of its 
flat crest ranges from an eighth to half a mile, while the maximum altitude of 
any given formation on the axis varies several hundred feet in different por- 
tions of the anticline, thus making a series of alternating domes and saddles. 
Since the oil development here is largely a matter of the past, the relations of 
the oil pools to the structure can be studied to good advantage. It was found 
that the productive portions of the anticline correspond closely with the domes, 
while between them the saddles were always barren of oil for distances, some- 
times, of more than 2 miles along the axis. As a rule, the shallower oil sands 
were productive on an anticlinal crest, while the deeper ones were dry there, 
but productive farther and farther from the crest, according to relative depth. 
Since this paper was written, the statements made regarding complexity of 
the anticlinal structure here have been corroborated by the West Virginia 
Geological Survey in their mapping of the structure. 


DISCUSSION 


Dr. I. C. WHITE: The same results described in this interesting paper of Mr. 
Clapp’s have also been found by Prof. G. P. Grimsley, one of my assistants, 
whose report on Wirt, Wood, and Ritchie counties is now passing through the 
press. Also, during the present summer, another of my assistants, Mr. Roy V. 
Hennen, has traced this same arch southwestward from Burning Springs, 
dying down, but curving westward and passing through the great Walton oil 
field. Prof. E. B. Andrews was the first geologist to describe the anticline in 
1861, in a paper published in the American Journal of Science, and its study 
led him to the discovery of the anticlinal or structural theory of oil and gas 
accumulation. 


GENERALIZED SECTION THROUGH THE APPALACHIAN MOUNTAINS OF 
MARYLAND 


BY CHARLES K. SWARTZ 
(Abstract) 


A generalized section was given through the Appalachian Mountains on the 
Maryland-Pennsylvania state line, with a detailed section through the central 
Appalachians. It was shown that certain types of structure characterize the 
region discussed, being observed both in its major and its minor features. It 
was further shown that these characteristics are to be seen in the general 
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structure of the northern Appalachians. The question of the origin of canoe- 
shaped folds was discussed briefly. Finally, the relation of the drainage 
system to the structure was referred to. 


DISCUSSION 


Dr. ArgtHur Keiru: In the Appalachian folding I have seen south of the 
Potomac the character of the folding is directly due to the character of the 
strata involved. Thin-bedded rocks make small folds and crumplings, and 
massive rocks make large and smooth folds. According as the strata at the 
surface are heavy or thin-bedded, the character of the folding which we see 
varies. It varies also as the position of the massive beds changes in the sec- 
tion. The pressure is transmitted mainly by the massive beds. Where they 
occupy the lower part of the section the folds have a tendency to be upright, 
and where they are in the upper part of the section there is a strong disposi- 
tion toward overturning. The changes and interactions of these factors make 
marked and general changes in the nature of the deformation from north to 
south along the Appalachians. Folding, which is distinctive of Maryland and 
Pennsylvania, with comparatively little overturn, passes into folding and fault- 
ing with much overturning in lower Virginia, and into faulting with subordi- 
nate folding in Tennessee, Georgia, and Alabama, the overturning at the same 
time becoming more pronounced. 


SOME INSTANCES OF FLOWING WELLS ON ANTICLINES 


BY F. G. CLAPP 
(Abstract) 


The paper described several unrecorded flowing artesian wells of a peculiar 
type. The flows are from unproductive oil wells in the northern Appalachian 
region. The first mentioned instance is on the Eureka-Voleano-Burning- 
Springs anticline in Pleasants County, West Virginia. This anticline consists 
of an alternating series of saddles and domes, and the flowing wells are situ- 
ated on a saddle of the anticlinal crest midway between two domes. The 
source of the water is one of the Carboniferous sandstones, which does not 
rise high enough in the anticline to give the requisite head, the latter being 
presumably due to pressure transmitted to the water in the sandstone from 
overlying porous formations in the domes of the anticline. The second in- 
stance is In Beaver County, Pennsylvania. The wells are situated high up on 
the flank of the Frederickstown anticline. The water comes from depths of 
less than 100 feet, and overflows between the drive pipe and the casing of the 
wells, the head being due to pressure transmitted from more superficial for- 
mations in near-by hills. Analogous instances of transmitted pressure were 
celted from Niagara limestone wells in Indiana, 


. 
bd 
e 
j 
q 


BULL. GEOL. SOC. AM. 


VOL. 21, 1909, PL. 53 


Figure UNSYMMETRICAL 


ANTICLINE BorromM Layers HorizonrTaL 
Eight feet of shale are covered by 2 feet of glacial drift. Photograph by Frank R. Van Horn, 


UNSYMMETRICAL ANTICLINE 
This shows 5 feet of disturbed shale overlain by 2 feet of glacial drift. 


Photograph by Frank R. Van Horn. 
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LOCAL ANTICLINES IN THE CHAGRIN SHALES AT CLEVELAND, OHIO 


BY FRANK R. VAN HORN 


(Abstract) 

CONTENTS 
Page 


INTRODUCTION AND LOCAL GEOLOGY 


In April, 1909, operations were begun in the eastern limits of Cleveland on 
the construction of the new Belt Line Railroad. Its tracks lie beside those of 
the New York, Chicago and Saint Louis Railroad for several miles, and both 
ronds agreed to abolish many grade crossings. Their plans called for an ex- 
cavation wide enough for four tracks between Cedar Avenue and Mayfield 
Road, a distance of nearly a mile. The cut is from 10 to 20 feet deep and the 
material consists of from 2 to 3 feet of glacial drift, mostly sand and gravel, 
while the remainder is Chagrin (formerly called Erie) shale. This is of 
upper Devonian age #nd is quite thinly bedded. At the surface the shale is 
invariably yellow from the formation of limonite, but below the line of normal 
weathering it possesses a slate blue color. The shale often contains concre- 
tionary masses known as clay ironstone, as well as masses of iron sulfide, 
generally in the form of pyrite, although marcasite may sometimes be present. 
It seems probable that the nucleus of the ironstone masses is also iron sulfide. 
When exposed to the air the shale, although originally often very hard, disin- 
tegrates rapidly into a tough, plastic clay, and is used quite extensively around 
Cleveland for the manufacture of vitrified brick and paving blocks. At times 
the shale contains sandstone layers which vary both as to their number and 
thickness. 

DESCRIPTION OF THE ANTICLINES 


Along the banks of this newly excavated cut many anticlinal folds were ob- 
served, particularly between Cornell and Mayfield Roads on the east and 
between Adelbert Road and Cedar Avenue on the west. The flexures were 
generally unsymmetrical, with limbs varying from 3 to 10 feet in length. In 
one case a monocline was noticed, but with this exception all folds belonged to 
the anticlinal type, no synclines being observed. The disturbance of the strata 
never extended more than 15 feet below the surface, and always passed into 
horizontal shale at the bottom and sides of the anticlines. Furthermore, the 
movement never, except in one case, extended to the opposite side of the cut. 
This shows that the anticlinal axis pitched rapidly and disappeared in the 
horizontal shale. In the one exception just mentioned the limbs of the folds 
on the opposite sides of the cut had no apparent relation to each other, except 
that a disturbance of the shale took place along the same general axis. 


PROBABLE CAUSES OF THE F'LEXURES 


The general observations mentioned previously indicate that the anticlines 
were always of local origin, and that the direction of motion was vertically 
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upward and was located not far below the surface. In all cases the folds 
were below the limits of frost action, and were also generally below the zone 
of normal surface weathering. This was shown by the fact that the anticlines 
often extended into the blue unaltered shale. In several cases where the 
flexed strata were traceable for a vertical distance of 10 feet, 2 to 3 feet at the 
bottom were found to occur in blue shale, while the remainder was stained 
yellow from the oxidation of iron. It is evident that the various folds have 
no connection with each other, and therefore are not due to secular move- 
ments of the earth’s crust. The anticlines must, therefore, have been formed 
by local pressures which were caused by some force inherent to the shales. 
Analyses of the Chagrin shales from various places in the vicinity of Cleve- 
land show that sulphur is always present in smaller or larger amounts. Such 
an analysis, although not complete, is given from Chagrin shale used by the 
John Kline & Son Brick Company as follows: 


Na,O 
2.95 
97.42 


The sulphur is undoubtedly present in the form of iron sulfide as pyrite, or 
possibly marcasite. As was previously stated, concretions or local enrichment 
of these minerals and clay ironstones are often present in these shales. It 
might have been possible that the force which caused the formation of the 
concretions or of concretionary layers could have exerted enough upward 
pressure to form the anticlines, or at least to aid in their formation. 

The writer, however, is inclined to believe that the sulfides have been some- 
what concentrated at various points by concretionary action. They have 
then altered to iron sulfate, and have thereby so increased in volume that 
local pressures have been produced, which in turn have flexed the shale. The 
specific gravity of marcasite and pyrite ranges from 4.85 to 5.10, while that of 
ferrous sulfate varies from 1.79 to 1.90. It is possible that an iron alum 
might have been formed at the same time, but the specific gravity would be 
about the same as that of the iron sulfate. The change from iron sulfide to 
iron sulfate or alum would therefore require nearly a threefold increase in 
volume which might well produce sufficient force to upheave the strata into 
anticlinal folds. In several places the formation of copperas and alum-like 
compounds was observed. The rapid weathering of the shales soon destroys 
oll traces of structure, so that at the present writing, which is over a year 
af'er the anticlines were first observed, few, if any, are noticeable on the 


surface. 
CONCLUSION 


The local anticlines observed in the Chagrin shales were probably caused by 
pressure due to the nearly threefold increase in volume which results when 
iron sulfides alter to iron sulfate and alum-like compounds. The anticlines 
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ANTICLINE IN CHAGRIN SHALE 


This view shows 3 feet of glacial sand and 5 feet of folded 
iron-stained shale having 3 well defined concretionary  iren- 
stone bands, % feet of blue shale with less folding, and 3 feet 
of horizontal shale. Vhotograph by Frank R. Van Horn. 
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probably occur at points where the sulfides were more concentrated by concre- 
tionary action. 
DiscuUSSION 


Prof. H. L. FatrcHiLp: The photographs shown by Professor Van Horn of 
folding in the shales at Cleveland might be taken as illustrations of similar 
crushing in the Rochester shales in the Rochester district. The superficial 
Rochester shales are frequently crumpled, with some compression faulting. 
The suggestion of expansion due to hydration of sulfides does not apply here, 
as the shales do not contain any perceptible amount of unoxidized minerals. 

Mr. J. L. Ricu: In the Cretaceous shales of southwestern Wyoming a small 
anticline similar to that just described was observed. The shales underneath 
were entirely undisturbed. The anticline was sharp in the lower part, and 
gradually merged above into undisturbed shale. It was observed in a small 
stream gorge in the middle of a wide valley, a mile or more from any high 
land and in a region entirely unglaciated. No marked signs of the decay of 
pyrite or similar minerals was noted. 


EXPERIMENTAL INVESTIGATION INTO THE FLOW OF DIABASE 
BY FRANK D. ADAMS 
(Abstract) 


The author mentioned that the results of an investigation into the flow of 
marble had been presented to the Society at the Montreal meeting, and that 
since that time the investigation into the flow of rocks had been continued 
under a grant from the Carnegie Institution of Washington, the work having 
been extended to a study of impure limestones, dolomites, and various silicate 
rocks. He then gave the results of an experimental study of the deformation 
of a typical diabase. This deformation had been carried out at various pres- 
sures and at temperatures ranging as high as 1,000 degrees Centigrade. It was 
shown by means of lantern slides that the diabase at temperatures of about 
450 degrees Centigrade was deformed with the development of the typical 
cataclastie structure, the structure exactly resembling that of certain varieties 
of flaser gabbro. The rock, furthermore, was not crushed to a powder during 
the process, but remained throughout solid and compact, and was found after 
deformation to have a crushing strength approximately one-half as great as 
that of the original diabase. It was shown that the structure of the deformed 
rock was identical with that seen not only in flaser gabbro, as above men- 
tioned. but in many other foliated rocks whose structure had been impressed 
on them by movements in the earth’s crust. 


COON BUTTE AND METEORITIC FALLS OF THE DESERT® 
BY CHARLES R. KEYES 
(Abstract) 


Coon Butte is regarded as only one of the many manifestations of the ex- 
plosive type of vulcanism so prevalent in eastern Arizona. The apparently 


* Read by title, in the absence of the author. 
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unusual abundance of meteoritic material in its vicinity is shown to be not an 
exceptional phenomenon, but rather a characteristic of desert regions. On 
account of the excessive dryness of the atmosphere there is practically no 
chemical decomposition of the rocks going on to destroy rapidly stony or 
metallic substances, no vegetation in which the larger meteoritic fragments 
are lost to view, and extensive deflation constantly keeps the immediate sur- 
face of the ground remarkably free of the lighter soils, leaving the pebbles 
and larger rock fragments always exposed to the sky. From the desert regions 
of the globe, it is believed, will be derived our chief information concerning 
meteoritic materials. 


CONNATE WATERS OF THE ATLANTIC COAST 
BY ALFRED C. LANE 
(Abstract) 


In previous papers before this Society, the Lake Superior and Canadian 
Mining Institutes, the author has called attention to the possibility of admix- 
tures of connate (originally buried) waters in underground waters, especially 
in the Lake Superior region. Waters of the Atlantic coast seem also to show 
such admixture, sometimes of water higher in caJcium chloride than the 
present ocean. For instance (figures in parts per thousand) : 

1. Maine, Vinalhaven: Ca .404; Mg .131; Na .465; K .140; SO, .122; Cl 
1.790; Na:Cl .26. 

2. Massachusetts, Boston: Ca 1.84; Mg .76; Na 3.38; K .07; SO, 1.35; Cl 
10.82; Na:Cl .31. 

3. New Jersey, Passaic: Ca 1.72; Mg .74; Na 2.74; K .50; SO, 1.55; Cl 8.50; 
Na:Cl .32. 

1. Is cited from Clapp, United States Geological Survey W. S. Paper 223, 
well 230 feet deep. 

2. Slide rule computation from Proceedings of the Boston Society of Natural 
History, New Hampshire, volume 17, pages 486-488, well 1,750 feet deep. 

3. New Jersey Geological Survey Annual Report 1882, page 144, 2,050 feet, 
“wholly Triassic sandstone and shale.” ‘ 


CHANGES PRODUCED ON SPRINGS BY A SINKING WATER TABLE 
BY T. C. HOPKINS 
(Abstract) 


The past two seasons (1908 and 1909) have been exceptionally dry in central 
New York. The water table has consequently sunk lower than for many years. 
Besides the drying up of many springs, wells, and streams, some of them have 
changed the kind of mineral matter held in solution. A spring at Edwards 
Falls, near Manlius, was a calcareous spring until last year when it gave off 
considerable sulphur. This year it is giving off both sulphur and iron oxide. 
Another spring 4 miles south of Syracuse has changed from a calcareous to a 
sulphur spring during the same time. 
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CRITERIA FOR THE RECOGNITION OF VARIOUS TYPES OF SAND GRAINS 


BY W. H. SHERZER 


Published as pages 625-662 of this volume. 
DIscuSsSION 


Prof. J. BarrReLL: I have listened with great interest and instruction to 
Professor Sherzer’s paper, since the determination of the geographic and cli- 
matic conditions under which ancient sandstones were deposited, as indicated 
by the character of the grains, is a problem which in the progress of more 
exact knowledge must become of great importance. Several queries arise, 
however, at the present time in regard to the degree of security of conclusions 
based on the studies concerning modern sands which have thus far been re- 
corded and which are used as a basis for interpreting the past. 

First, the character of sands accumulated through wind, current, and wave 
action vary widely within themselves, depending on the duration and intensity 
of the several forces of accumulation. Complexities also enter into the prob- 
lem through the concurrence of more than one agency at work and the previ- 
ous nature of the material which has been acted on. To learn the limits of 
these modifying conditions hundreds of examples of modern sands should be 
studied, sands collected from type localities where the conditions of accumula- 
tion can be well determined. The distinctions now drawn from modern sands 
and applied to those of ancient origin are based on relatively few examples. 
May not therefore the distinctions appear sharper and safer than they really 
are? 

Second, in such studies as are needed of typical sands efforts should be 
made toward quantitative determinations of various characteristics, so as to 
minimize as much as possible the personal equation in deciding on such in- 
definite qualities as roundness and smoothness of grains, especially as these 
qualities vary widely among the individual grains of any one sample. Meas- 
urements of the minimum size of rounded grains have been made, but these 
are not enough. A suggestion in this direction may be taken from a method 
of separating slate from coal devised, I believe, by the late Eckley B. Coxe, of 
Drifton, Pennsylvania. The coefficient of friction depends on the shape of the 
fragment and the smoothness of the surface. Fragments of a uniform size 
coming from the screen are allowed to slide down a sheet-iron trough with a 
slot at the bottom. The coal fragments, sliding and rolling faster, are able to 
jump this slot; the slate, sliding more slowly, drops through. Similarly, a 
quartz sand could be separated into sizes by sieves and each size subjected to 
various processes to determine the percentage of different forms. In applying 
such methods to ancient sands, however, such adaptations would have to be 
made as would allow for secondary growths and permit microscopic determi- 
nations, but decomposed portions of beds might give sands which could be 
directly compared. 

Third, some emphasis is given to the preceding points by the consideration 
of a little-known paper by A. R. Hunt, published in 1887 in the “Report and 
Transactions of the Devonshire Association,” pages 498-515. He finds on the 
Skerries Shoal that many of the grains of quartz sand are well rounded down 
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to the minimum diameter of one-eightieth of an inch, materials below this size 
being removed. The unusual roundness of these wave-worn sands he accounts 
for through the cooperation of tidal and wave action holding them on the 
shoal and subjecting them to continual wear. By the cooperation of waves 
and currents he concludes that such wear may extend broadly to a depth of 
as much as 40 fathoms. This raises the question as to the limit of fineness 
and roundness of grains which might be attained on the bottom of an epicon- 
tinental sea, everywhere shallow and to which sand was the dominant material 
supplied. The conditions are quite different from the common cases of river 
and beach action. 

Fourth, it is well known that along the flat sandy coasts of humid lands, 
such as much of the Atlantic coast of the United States, wind action plays an 
important part in moving and wearing the sands which have but recently 
been transported by wave action, and much of these wind driven sands may 
again become portions of marine deposits. To what extent, therefore, in a 
slow and oscillating marine movement across baseleveled lands may eolian 
action cooperate in shaping the grains of sand independently of the climate? 
At the present time eolian action in deserts is an agency of first importance 
and marine oscillations across sandy plains are at a minimum. In those 
epochs, however, when the latter was a widespread and characteristic geologic 
activity, is there not danger of a too hasty inference as to the existence of an 
arid climate based upon evidence of eolian action in the wear of the sand 
grains? 

For example, two decades before the British geologists began the study of 
the significance of this subject Logan noted, in 1863, the rounded character of 
the sand grains in the Potsdam sandstone, a formation which is regarded as a 
typical example of a slow marine transgression of a baseleveled land. 

Consequently, in view of these queries, although valuable and suggestive as 
the studies of ancient sand grains have shown themselves to be, there is, how- 
ever, spparently need of more exhaustive study of modern sands accumulated 
under determined conditions in order to apply that knowledge with greater 
precision to the past. 

Prof. W. M. Davis: I wish to suggest that in collecting specimens of sand 
it is desirable to indicate the distance of transportation during which the 
sand has been under the action of the agency concerned; also that it would 
be well to use a higher magnifying power, sufficient to show the texture of 
fractured or frosted surfaces as well as the general form of the grains. 

Prof. A. C. Lane: Referring to Professor Barrell’s remarks, I think it is 
not so much a question of “transgression” as transportation along shore, like 
the Florida deposit cited. Having had occasion, also, to study the Sylvania, 
I am inclined to differ from Professor Sherzer somewhat in emphasis. I agree 
with him that part of the Sylvania is waterlaid with its dolimitic cement; 
that in places it is eolian, and that the climate was arid, but I am inclined to 
lay more stress on derivation from a previously fairly concentrated quartz 
sandstone by transportation along shore some distance as a factor in the 
peculiar character of the Sylvania. 
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THE THEORY OF ISOSTACY 
BY W. M. DAVIS 
(Abstract) 


1. Let it be assumed that the crust of the earth is too rigid to be affected 
by the forces involved in isostacy, and that it has been deformed only by 
other and stronger forces, acting in different epochs, over various areas, at 
unequal rates, and with unlike intensities. Under this assumption the facts 
that have been accounted for by isostacy may be explained by the accidental 
agreement of depression and deposition, while certain other facts, such as the 
formation of great trough valleys or the depression of land areas under deep 
ocean water, for which isostacy gives no adequate explanation, may be ac- 
counted for by disagreement between deformation and deposition. A merely 
accidental agreement between depression and deposition is not improbable, for 
small and slow movements excite small and slow transfer of materials, while 
large and rapid movements excite great and active transfer of materials. 

2. The initiation of isostatic movement involves a non-isostatic movement. 
The cessation of isostatic movement by the reversal of depression to elevation 
or of elevation to depression has occurred under. so many different conditions 
as to structure and area, and especially as to load, that isostacy must have a 
very subordinate value in the total movement. 

3. The peneplanation of mountains of various structures and at many differ- 
ent dates has involved a long-maintained stability of extensive regions, while 
they were suffering prolonged erosion and great loss of weight. After degra- 
dation, some peneplains have been depressed and buried, others elevated and 
dissected. All of this is inconsistent with isostacy. 


Discussion 


Prof. H. F. Rei: I am in entire accord with Professor Davis's ideas. 
There are so many vertical movements of the crust that can not be due to the 
simple restoration of isostatic equilibrium that it seems very doubtful if any 
movements can be definitely assigned to that cause. Gravity observations 
show that there is general isostatic equilibrium between the ocean beds and 
the continents; but islands in the ocean are held up by the rigidity of the 
crust, and the series of transcontinental gravity measurements made some 
years ago and discussed by Mr. Putnam and Mr. Gilbert show that areas like 
the Appalachian Mountains and the Rocky Mountains do not owe their alti- 
tudes to isostatic equilibrium. 


GEOLOGICAL PROGRESS MAP OF OKLAHOMA 
BY CHARLES N. GOULD 
(Abstract) 


With the possible exception of Triassic and Jurassic formations, Oklahoma 
contains rocks of every geological age above the Lower Cambrian. Pre- 
Cambrian granites and Lower Paleozoic sediments are exposed in the four 
mountain regions, namely, the Wichita, Arbuckle, Ouachita, and Ozark. 
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Three-fourths of the state is occupied by rocks of either Pennsylvanian or 
Permian age, the former being approximately 15,000 feet thick and the latter 
from 3,000 to 4,000 feet thick. Cretaceous rocks outcrop in southern and 
western Oklahoma and Tertiary deposits occur on the high plains in the west- 
ern part of the State. Among the important problems yet to be solved are 
the following: 

Petrology of the igneous rocks. 

Paleontology of the Ordovician formations. 

Age of the Woodford chert. 

Relations of the Standley and Jackfork formations. 

Cause of the thickening of the Pennsylvanian sediments southward. 

Source of the Pennsylvanian and Permian sediments. 

Origin of the iron in the Red beds. 

Origin of the gypsum. 

Age of Cretaceous outlayers in western Oklahoma. 

Origin of the sand hills. 


OBSERVATIONS ON RATE OF SEA-CLIFF EROSION 
BY CHARLES P, BERKEY 
(Abstract) 


Certain cliffs of unconsolidated materials along the Atlantic coast bear evi- 
dence of comparatively rapid erosion. Reliable measurements, however, are 
rare. Nearly all available data are estimates or generalities, based on the 
destructive effects of some exceptionally severe storm. For the past year a 
locality where such erosion prevails has been kept under observation. Meas- 
urements have been made as often as any pronounced effect was observed. 
The accumulated data are summarized, and their bearing on the question of 
rate of cliff retreat is indicated. 


CLIMATE AND PHYSICAL CONDITIONS OF THE KEEWATIN 
BY A. P. COLEMAN 
(Abstract) 


Glacial conditions prevailed at the beginning of the Huronian, but hitherto 
less has been known of the climate of the Keewatin. It is often referred to as 
essentially eruptive and with very different conditions from the present—hot 
seas, etcetera. In Ontario, where the Keewatin is best displayed, it often in- 
cludes thousands of feet of ordinary sediments, not only the puzzling iron for- 
mation, but carbonaceous slate, ordinary slate, arkose, sedimentary mica 
schist and gneiss, and crystalline limestone. The extent and character of 
these sediments are such as correspond to ordinary weathering on a land 
surface. They have often the composition of a clayey sand, such as could not 
be furnished by volcanic products, though there may have been submarine 
eruptions then, as now. The eastern Grenville series, in part probably equiva- 
lent to the Keewatin, includes similar rocks, but with far more limestone. It 
is essentially a sedimentary series. Most of the eruptives of the Keewatin 
are surface voleanics or ash rocks. The sedimentary rocks imply land and 
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sea, cool waters in which life existed, and in general climates and conditions 
like the present. As these are the oldest known rocks, there is no geological 
evidence that the surface of the earth was ever too hot to allow water and life 
to exist. Geologists and astronomers should bear this in mind in their theories. 


PERMO-CARBONIC CONGLOMERATES OF SOUTH BRAZIL 


BY J. B. WOODWORTH 
(Abstract) 


The boulder-bearing Permian beds of South Brazil for which Derby pro- 
posed a glacial origin in 1888, sagaciously likening them to the deposits of 
India, were searched in 1908 for evidences of glaciation not previously found. 
Striated stones, including probable fragments of (isrupted glaciated floors, were 
found in tillite beds on the Rio Jaguaricatu in northern Paran&, and similar 
phenomena, especially striated stones, in the states of Sio Paulo and Santa 
Catharina. Much of the boulder-bearing group demands floating ice at sea- 
level, as shown by a depauperated marine fauna between boulder beds in the 
valley of the Rio Negro. Certain tillite beds seem best explained as ice-laid 
deposits derived from an easterly source through ice action capable of disrupt- 
ing and transporting seaward certain readily recognized rocks of the series 
inferior to the glacial beds. The paper (a part of the results of the First 
Shaler Memorial Expedition) was illustrated by stereopticon views showing 
the geology and topography of the area. 


Discussion 


Dr. I. C. WurTe: It is needless to say that it gives me extreme pleasure to 
learn that Professor Woodworth has found the missing link, namely, ice- 
scratched boulders, in the Permian conglomerates of South Brazil, which 
demonstrates fully their glacial origin. 

When I discovered these deposits in 1905, and announced their glacial origin 
in a paper read before this Society at the Philadelphia meeting in December, 
1906, I was certain that they were true glacial deposits, although I failed to 
find the old glacial striated floor, or striated boulders. However, the struc- 
tureless tillite filled with enormous granite blocks, 40 miles distant from any 
outcrop of granite, left no doubt in my mind of the existence of a glacial 
epoch during Permian time in South Brazil, corresponding perfectly with that 
which has been proven for South Africa. Many details of boulder deposits, 
etcetera, are given in my final report on the coal fields of South Brazil pub- 
lished last year. 

As confirmatory of the existence of a glacial epoch in Brazil during Permian 
time, it is of great interest to know that Dr. David White arrived at this same 
conclusion independently from a study of the collection of fossil plants which 
I made and sent him before I had communicated to him my own conclusions 
as to the existence of glacial deposits in that region. 

Concerning the name “Orleans,” to which Professor Woodworth has made 
reference, I would say that it was never entirely satisfactory to me, and Pro- 
fessor Woodworth has my willing consent to change it to a more suitable 
term. Since these deposits are very conspicuous along the waters of Rio 
Negro, that or some other name could be given. 
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MAGOTHY FORMATION OF THE ATLANTIC COAST” 
BY A. B, BIBBINS 
(Abstract) 


So far as Long Island is concerned, the paper will regard the Magothy as 
present in force, its contact with the Raritan (of land as now defined) lying 
along the north shore of the western half of the island. The upper limits of 
the formation, which are so well defined to the southward, may prove more 
difficult to determine here, owing to the fact that the superjacent Matawan 
and its overlying formations appear to have taken on, along with their marked 
change in strike, Magothy-like characters, as, indeed, the Matawan has already 
begun to do as far south as Atlantic Highlands. The greensands of the upper 
portion of the Melville section and those of the deep welJs toward the eastern 
end of the island will probably prove to lie even higher than the Matawan, 
but the most impressive feature of the Long Island well and other sections 
along the belt where the greensand marls might be expected is the almost 
universal absence of glauconite beds, and the occurrence in their stead of ma- 
terials lithologically similar to those of the subjacent Magothy—indicating 
either more moderate depths during sedimentation than those of their con- 
temporaneous deposits to the southward, or other changes of conditions which 
brought different sediments and largely eliminated foraminifera. The thick- 
ness of the Magothy beds on Long Island seems likely to reach considerably 
more than 100 feet. It is certain that the formation thickens rapidly toward 
the northward across New Jersey to a maximum of 100 feet on the south 
shore of Raritan Bay. The Magothy is an important physiographic factor. 
Its influence as a bay, island, hill, and drainage-line former is impressively 

¥ shown all along our coast. As an economic factor one finds that one of the 
greatest series of sand quarries in the world—on the west shore of Hempstead 
Harbor, L. I.—an important source of building sand for Greater New York, ’ 
lies to a goodly extent in the Magothy formation, while the very general arena- ‘ 
ceous lithology and loose bedding of the formation render it an important 
underground water-bearer. 


AGE OF THE CALCIFEROUS FORMATION OF THE MOHAWK VALLEY, NEW 
YORK 


BY E. 0. ULRICH AND H. P. CUSHING 
(Abstract) 


The Little Falls dolomite of the Mohawk Valley is found to consist of two 
distinct and unconformable formations. The lower and thicker of these is a 
dolomite formation which, in the eastern sections, is underlaid by the Pots- 
dam sandstone, and the two grade into one another through passage beds. To 
the west the Potsdam and passage beds disappear and the dolomite rests 
directly on the pre-Cambrian. This dolomite the authors regard as of Sara- 
togan (Ozarkian) age. They have traced it into the Champlain Valley, and 
find that it there constitutes division A and the lower half of division B of the 
Beekmantown (Calciferous) formation, as characterized by Brainerd and 
Seely. 


1 Read by title, in the absence of the author. 
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The upper of the two formations on the Mohawk is a limestone formation, 
which has heretofore uniformly been described as the “Fucoidal beds” of the 
Calciferous. It contains a considerable fauna which has been described by 
Cleland. The authors regard it as of Beekmantown age and as representing 
the lowest known division of the New York Beekmantown. The fauna has 
not as yet been recognized in the Champlain Valley, and the formation, if 
present there, is represented by the upper portion of division B. The authors 
are proposing for this formation the name of the Tribes Hill limestone, and 
restrict the name Little Falls dolomite to the lower dolomite formation. 

About Saratoga is a very local representation of a very fossiliferous lime- 
stone, well known as the source of the Cambrian fauna described by Walcott. 
This seems to us to be on the horizon of the lower portion of the Little Falls 
dolomite and to represent a more offshore phase of that formation. 

The authors find everywhere an unconformity at the summit of the Little 
Falls dolomite, both in the Mohawk and Champlain Valleys. They regard 
this as the proper boundary between the Saratogan and Beekmantown—be- 
tween the Cambrian and Ordovician of present-day classification. This gives, 
in New York at least, a prominent unconformity between the two systems, 
instead of a gradation of one into the other. 


The complete paper is published in New York State Museum Bulletin 
140, pages 97-140. 


UPPER CAYUGAN OF MARYLAND 


BY T. POOLE MAYNARD 


(Abstract) 


The upper Cayugan of Maryland occurs in two well defined areas in the 
western part of the state, the Hancock and Cumberland areas, and crosses the 
state in a northeast-southwest direction, following the general trend of the 
Appalachians. The rocks constituting the upper Cayugan consist usually of 
argillaceous, thin-bedded limestones at the bottom, passing gradually into the 
heavier-bedded limestones of the lower Helderberg. These limestones lie be- 
tween the Salina below and the Coeymans above and have an average thickness 
of 110 feet. There is only a gradual change in lithology from the Salina to 
the Coeymans and no well defined lithological break exists. The upper and 
lower limits of the rocks constituting the upper Cayugan are determined on 
paleontological grounds. These rocks, while equivalent in Maryland to the 
Manlius and Cobleskill of New York, can not be subdivided in Maryland either 
on paleontological or lithological grounds. The Rondout is absent in Mary- 
land, while the fauna of the Cobleskill and Manlius are not distinct and sepa- 
rate as they are in New York, but they intermingle, typical New York Manlius 
and Cobleskill forms occurring together. They are also associated with forms 
occurring in the upper Decker Ferry of New Jersey. 


Discussion 


Prof. A. W. GRABAU urged the abandonment of the name Cayugan and the 
substitution of the term Monroe; also the abandonment of the term Salina as 
referred to the Maryland section, and the substitution of some other name. 


LIV—Butt. Grou. Soc. AM., Vou. 21, 1909 
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STRATIGRAPHIC RELATIONS OF THE LIVINGSTON BEDS OF OENTRAL 
MONTANA 


BY R. W. STONE AND W. BR. CALVERT" 
(Abstract) 


The Livingston formation occurring at Livingston, Montana, has been de- 
scribed as resting unconformably on the Laramie and overlain by the Fort 
Union formation. Its age has been considered to be post-Laramie and it has 
been correlated with the Denver formation of Colorado, partly on lithologic 
similarity, both formations being composed largely of tufaceous beds. This 
paper shows that the Laramie of the Livingston and Little Belt Mountains 
folios of the Geological Atlas of the United States is Eagle, or at least lower 
Montana, and that there is no unconformity between it and the overlying Liv- 
ingston beds in the area under discussion. It shows also that on the west and 
south sides of the Crazy Mountains about 7,000 feet of sediments, mainly 
andesitic tuffs, lying between the Eagle and Fort Union formations, constitute 
on lithologic grounds a single formation, but that on the north and east sides 
of the Crazy Mountains these same tufaceous beds are intercalated in the 
Colorado, Eagle, Claggett, Judith River, Bearpaw, “Laramie,” and Fort Union 
formations. In other words, the Livingston has no formational value and has 
no definite age, for it represents volcanic activity which recurred throughout 
late Cretaceous and early Tertiary time. 


DISCOVERY OF FOSSILS IN THE QUANTICO SLATE BELT, AND THE ASSOCIA- 
TION OF VOLCANO-SEDIMENTARY BEDS WITH THE SLATES OF 
THE VIRGINIA CRYSTALLINE REGION 


BY THOMAS L. WATSON AND 8. L. POWELL 
(Abstract) 


Recent field studies of the various slate areas in the crystalline (Piedmont) 
region of Virginia by the State Geological Survey have resulted in much im- 
portant information on the lithologiec characters, structure, and age relations 
of the rocks. Of especial interest are (1) the discovery of fossils in the east- 
ernmost of the slate areas, and (2) the recognition of well defined volcano- 
sedimentary beds in intimate association with the slates in several of the most 
extensive areas. During the past season fossils were found a short distance 
north of Dumfries, Prince William County, Virginia, in the Quantico slate belt, 
which are shown to be closely related to Cincinnatian forms. In 1892 Mr. 
Darton announced the discovery of fossils in the Arvonia slates of Bucking- 
ham County, Virginia, which were determined by Mr. Walcott to be upper 
Ordovician. From the evidence of organic remains, these two areas, separated 
by a considerable distance, though aligned approximately on the same strike, 
are shown to be of the same age—Cincinnatian. 


4 Introduced by M. R. Campbell 
8 Read by title, in the absence of the authors. 
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RHODE ISLAND COAL" 
BY CHARLES W. BROWN 
(Abstract) 


Coal deposits in Rhode Island have been mined intermittently for the past 
100 years and at various places—in regions about Providence, along the west- 
ern edge of the Narragansett Basin, and at Portsmouth, in the central southern 
portion. The recent development of the Portsmouth coal mine has led to a 
careful study of the geology, extent, and testing of the fuel values and chem- 
ical condition of this coal. The coal beds are found in the lower members of 
the Carboniferous in Rhode Island. Former mining covered an extent of 4,000 
feet along the strike and 1,200 feet or more down the dip. 

The coal is extremely hard anthracite, having a grayish black color and 
bright luster, with some bone and more or less impurities of quartz and pyrite, 
becoming only graphitic along shear planes. It is found in beds averaging 
2 or 3 feet, and occasionally in large “rolls” from 60 to 72 feet in diameter 
and 75 feet wide. The best coal is found in the rolls, the “vein” matter in- 
creasing as the bed becomes thinner. 

Official tests show that the coal will burn and has a certain fuel value. By 
the proposed “chemical treatment” this value is supposed to be enhanced. 
The practical value of this treatment has not been officially determined. The 
variation in the thickness of the beds, together with unknown extent of the 
basin and possible increase or decrease of impurities, make final statement as 
to amount and value of coal beds impossible. 


GEHOLOGIC THERMOMETRY 
BY FRED E. WRIGHT 
(Abstract) 


In ordinary thermometry, temperature is defined by the expansion of a per- 
fect gas, and is expressed in terms of fixed units, determined by the freezing 
and boiling points of water under standard conditions. Temperatures are 
ascertained practically by means of thermometers which, although they differ 
greatly in type, are all based on some property which varies in a definite way 
with the temperature. In geology temperatures are of fundamental impor- 
tance, particularly the temperature to which rocks were heated in past 
geologic ages and under inaccessible conditions. Points on the geologic ther- 
mometer scale must, therefore, be historical points, to be determined primarily 
by the permanent effects which such temperatures have produced on the rocks 
and rock components, and which are clearly marked even at lower tempera- 
tures. The factors which may serve to furnish points of this nature are, 
especially, melting temperatures of stable minerals and of eutectics, inversion 
temperatures of minerals, temperate limits beyond which monotropic forms 
can not exist under different conditions of pressure; stability ranges of enantio- 
tropic forms and of minerals which dissociate or decompose at higher temper- 
atures, and temperatures beyond which certain optical or physical properties 


18 Read by title, in the absence of the author. 
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are changed permanently. These factors can be and are being determined by 
modern laboratory methods, and are in turn directly applicable to the study 
of rocks. The data now available on the geologic thermometer scale indicate 
that the establishment of such a scale is feasible, and can be accomplished by 
a sufficient number of proper laboratory determinations. 


DISCUSSION 


Prof. J. F. Kemp: Mr. Wright's ingenious application of the peculiar prop- 
erties of quartz will be of great service in testing some of our conclusions 
hitherto reached regarding the bodies of magnetic iron ore in the ancient 
gneisses. In later years observers have more and more drifted away from 
the sedimentary conceptions of origin and have proved a direct crystallization 
from fusion. In the Adirondacks and elsewhere the ores are in quartzose 
rocks. If now the quartzes have been formed below 575° C., fusion, unless 
followed by complete metamorphism, is out of the question. But if the 
quartzes show the properties of the higher temperature the hypothesis of 
development from fusion will be corroborated. Mr. Wright has already con- 
sented to make some tests which will be of much significance. 


OBSIDIAN FROM HRAFNTINNUHYGGUR, ICELAND 
BY FRED E. WRIGHT 
(Abstract) 


Describes (a) peculiarly pitted surfaces on specimens of obsidian which 
resemble in a remarkable degree the markings of the Austrian moldavites; 
(bv) also a unique type of crystallization in cavities in this obsidian. 


PEGMATITE IN THE GRANITE OF QUINCY, MASSACHUSETTS 
BY C. H. WARREN AND CHARLES PALACHE 
(Abstract) 


Only two important occurrences of pegmatite are known in the riebeckite 
granite of Quincy. These are exposed in two of the quarries and take the 
form of rudely cylindrical masses of considerable size entirely inclosed in the 
granite. In mineral composition they are closely similar to the granite, the 
essential minerals being quartz, alkali-feldspar, riebeckite, and sgirine; acces- 
sory minerals so far identified are fluorite, parisite, octahedrite, ilmenite, 
wulfenite, and the sulfides molybdenite, galena, sphalerite, and chalcopyrite. 
The pegmatites exhibit a certain symmetry of structure. Fine graphic-granite 
forms a marginal band, succeeded centrally by a zone of coarse granitic text- 
ure made up of quartz, feldspar, riebeckite, and wgirine-augite. As a rule, this 
zone graduates centrally into almost pure massive quartz, sometimes contain- 
ing sulfides. In one portion of the largest mass the center is microlitic, and 
in the cavities thus formed the quartz, feldspar, and wgirine are well crystal- 
lized, while the rarer minerals noted above find there their principal develop- 
ment. Angular fragments of the pegmatite, inclosed in felted crocidolite, and 
deeply corroded crystals of riebeckite partly replaced by fluorite, point to a 
final stage of crushing and pneumatolytic action. The paper describes these 
deposits and the minerals in detail. : 
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Discussion 


Prof. J. F. Kempe remarked that the occurrences of ores like galenite as 
noted in the paper tend to confirm our conviction that many of the deposits of 
the ores have igneous sources. 


ORIGIN OF THE ALKALINE ROCKS 


BY RB. A. DALY 
Published as pages 87-118 of this volume. 


Discussion 


Prof. J. F. Kemp: Professor Daly’s suggestion will be productive of much 
fruitful meditation. Nevertheless, from having seen several areas of nephelite 
syenite, I think we should be cautious in inferring the influence of the lime- 
stones now visible on magmatic differentiation. The observed relations are 
those of a later body of igneous rock cutting limestones and only exerting con- 
tact metamorphism, whereas for magmatic differentiation we must have the 
caleareous rocks in the depths adjacent to the internal reservoir. This would 
mean Archean limestones in most cases, and would place the matter beyond 
observation and in the realm of hypothesis. 


OOMPLEX OF ALKALINE IGNEOUS ROCKS AT CUTTINGSVILLE, VERMONT 
BY J. W. EGGLESTON“ 
(Abstract) 


This is an oval area of alkaline igneous rocks, stocklike, with roughly con- 
centric arrangement and intrusive into gneisses. Syenite, with nepheline-bear- 
ing varieties, is the chief type. There is also much essexite. The mass is cut 
by numerous dikes, including tinguaite and camptonite. In chemical char- 
acter the rocks are closely related to those of southern Norway, described by 
Broégger. 

DISCUSSION 


Prof. J. E. Woirr: On the old geological map of Vermont a number of round 
or oval areas were marked in red as “granite.” Of three of these, one in Stam- 
ford, Vermont, is a coarse granite of the rapakiwi variety ; another is Ascutney 
Mountain, described by Daly as a complex of alkaline igneous rocks, and the 
third, also such a complex, as that at Cuttingsville. 

Mr. J. A. Dresser: The Monteregian hills in southern Quebec are a series 
comparable to the Cuttingsville area, so well described by Mr. Eggleston. In 
these hills, which rise at intervals for 50 miles in an east and west line, there 
is a large development of essexite, accompanied by nepheline or alkali syenites. 
Their composition, as indicated by the relative amounts of essexite and syenite, 
grows less basic towards the eastern end of the series, and the Cuttingsville 
area seems to be still less basic than the easternmost of these. The central 
syenite seems to correspond most closely with the nordmarkite of Shefford 


Introduced by J. BE. Wolff. 
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Mountain and the tinguaite with the tinguaite from Brones Mountain. These 
are the two most easterly hills of the Monteregian series. 


BLEACHING OF GRANITE AT LIMESTONE CONTAOTS 


BY H. P. CUSHING 
(Abstract) 


In the Thousand Island region, on the New York side, there is a large repre- 
sentation of Grenville limestones, quartzites, and schists which are cut through 
and cut out by bathyliths of Laurentian granite gneiss. The ordinary color of 
the granite gneiss and of its dikes is red, but at limestone contacts the color 
changes to white, and all the granite dikes in the limestone are white. Both 
colors are unquestionably primary; in other words, the granite solidified as 
red granite except when affected by the limestone, and the field relations show 
plainly that it was some influence exerted on the granite by the limestone at 
zhe time of solidification that caused the color change. 

The red color of the feldspar of the ordinary granite seems due to the pres- 
ence of ferric oxide in free condition. It remained uncombined at the tem- 
perature of solidification. In the presence of calcium carbonate, however, it 
entered into combination, and into comparatively colorless combination. BEx- 
periments seem to show that it is the lime rather than the carbon dioxide 
which was efficacious in causing the change, but certainty has not been attained 
in the matter; nor is it at all certain what compound was formed. 

This color change seems to us to suggest in some cases a comparatively 
simple method of determining approximately the temperature of solidification 
of granites. It also suggests a reason for the scarcity of lime-soda feldspars 
of red color. 


BARITE DEPOSITS OF FIVE ISLANDS, NOVA SCOTIA® 
BY CHARLES H. WARREN 
(Abstract) 


Barite deposits occur about 2 miles north of Five ‘Islands, Nova Scotia, a 
village located 12 miles east of Parsboro, on the north shore of Minas Basin. 
The principal outcrops are on the steep banks of the bars and East River, and 
at isolated points between for a distance of some 2 miles. The barite is 
coarsely crystalline and remarkably pure. It occurs in the form of large, 
irregular, veinlike masses, usually with steep dip, associated stringers, and 
smaller isolated masses in an ancient fault breccia; also as a filling for fis- 
sures, sometimes several feet wide in the massive ledge rock. The fault 
breccia is part of an extended zone of faulting, frequently marked by breccia- 
tion and fissuring, which lies in a narrow east-west band of much folded 
Devonie slates and quartzites on the southern side of the Cobequid Hills. 
The fault zone follows rather closely the contact with intrusive syenites which 
form the core of the hills. Near the eastern end of the fault zone, north of 
Londonderry, barite also occurs associated with much ankerite and iron ore, 


3 Read by title by request of author, to expedite the programme, 
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also in a fault breccia. The barite is believed to have resulted from a leach- 
ing and concentration process which took place turough the agency of water 
percolating downward along a zone of faulted and broken rock. The adjoining 
ledge rocks contain about 0.2 per cent BaO. A comparison with deposits else- 
where leads to the conclusion that many barite occurrences are the result of a 
concentrating of the barium content of limestones, sandstones, and quartzites 
wherever faulting or crushing has made an easy channel for percolating 
waters. 


FAYALITE IN THE GRANITE OF ROCKPORT, MASSACHUSETTS 
BY CHARLES PALACHE 
(Abstract) 


A recent discovery of large crystals of fayalite in a granite pegmatite near 
Rockport furnishes for the first time opportunity for an accurate description 
of this interesting mineral occurrence, the mineral having been twice before 
found here, but in neither case studied in place. 


NELSONITE, A NEW ROCK TYPE: ITS OCCURRENCE, ASSOCIATION, AND 
COMPOSITION 


BY THOMAS L. WATSON AND STEPHEN TABER 
(Abstract) 


Nelsonite is the name given to a new rock type occurring in dikelike bodies 
in the foothills region of the Blue Ridge in Nelson and Amherst counties, Vir- 
ginia. It forms one of the rock types of a comagmatic area, the rocks of 
which are characterized chemically by high titanium and phosphorus. Varia- 
tion in mineral composition gives rise to several different facies of the nel- 
sonite, the normal one of which is an even granular mixture of essentially 
ilmenite and apatite, with or without rutile. At several localities ilmenite is 
replaced by rutile, and the rock is composed chiefly of rutile and apatite with 
some ilmenite. Green hornblende is occasionally present. The ratio of tita- 
nium minerals to apatite is variable, ranging from a rock composed largely of 
the dark minerals with but little apatite to occasionally ‘a rock composed of 
nearly all apatite. Magnetite replaces the titanium minerals in some of the 
dikes, accompanied by biotite and apatite. A second pronounced facies of the 
rock is observed over parts of the area, which shows a predominance of the 
dark ferromagnesian minerals, more especially hornblende, over the ore min- 
erals. This variety of the rock is composed chiefly of hornblende, less apatite, 
and some ilmenite or magnetite. Chemical analyses of the rocks are given 
and their position in the quantitative system of classification of igneous rocks 
computed and shown. 


16 Read by title, in the absence of the authors. 
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REGIONAL DEVOLATILIZATION OF COAL" 
BY DAVID WHITE 
(Abstract) 


Regional progressive devolatilization, which marks the second (dynamo- 
chemical) stage of coal formation, is due in most areas to deep-seated hori- 
zontal thrust pressure long continued. Essentially it is regional metamor- 
phism, coal being a most sensitive index. Effects of loading and faulting. 
Comparison of effects of intrusives. 


MICROSCOPIC STUDY’ OF CERTAIN COALS IN RELATION TO THE SAPROPELIC 
HYPOTHESIS 


BY E. C. JEFFREY” 
(Abstract) 


Discussed the ingredient matter and relation of the same to formation of 
eannels, kerosene shales, bogheads, etcetera. Evidence against algal hypothesis 
as accounting for special characters. 


PRESENT AND FUTURE OF NATURAL GAS FIELDS IN THE NORTHERN 
APPALACHIANS 


BY F. G. CLAPP 
(Abstract) 


The waning natural gas supply in some fields brings up the question as to 
the future of the natural gas business, and this paper is a summary of the 
conditions in the eastern fields of the United States. While the writer admits 
that the outlook is in some ways discouraging, he believes, nevertheless, judg- 
ing from predominant indications, that new wells and new fields will continue 
to be found and be productive for many years yet. During the year 1909 there 
was improvement and increase in the business and in the total area of the 
productive fields in Pennsylvania and West Virginia. In that year the mains 
of the principal producing companies were greatly extended. Cincinnati and 
many smaller communities, which never before had natural gas, are now sup- 
plied. This paper describes several new fields of interest in Pennsylvania, 
West Virginia, and Ohio, and explains their relation to the geological struc- 
ture. Most of the shallow sand fields, which were exhausted years ago, have 
been recently replaced by adjacent or subjacent new fields in deeper sands. 
In all cases so far examined by the writer these fields bear a constant relation 
geologically to each other and to the structure. 


1T Read by title, In the absence of the author. 
» Introduced by David White. 
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University of California, Berkeley, at 10.30 a. m., March 25, 1910, by 
the chairman of the section, Prof. A. C. Lawson. 

The minutes of the previous annual meeting were read and approved, 
except that “ninth” annual was ordered changed to “tenth” annual, the 
ninth annual meeting having been held at Albuquerque, New Mexico, in 
conjunction with the general Society. 


ELECTION OF OFFICERS 


The officers of the section were reelected for the ensuing year: A. C. 
Lawson, Chairman; G. D. Louderback, Secretary; G. K. Gilbert, Coun- 
cilor. 

The section then passed to the reading of scientific papers, and the 
following were presented in the order given: 


LIMESTONE PLAINS OF THE INTERIOR OF BAHIA 
BY J. C. BRANNER 


(Abstract) 


Limestones, probably of Jurassic age, cover many thousands of square miles 
in the interior of Brazil, especially in the states of Bahia and Minas Geraes. 
In many parts of the same region valley floors are covered by recent limestone 
deposits spread out in horizontal sheets. These later limestones appear to be 
derived from the older ones by processes now in operation in the same region 
in modified form. 


The paper was discussed by A. C. Lawson, who compared the phe- 
nomena described with some in Mexico; by E. W. Hilgard, with reference 
to the Santa Cruz Mountains and Susan River Valley, and by E. Kelsey. 


GEOLOGIC WORK OF ANTS IN TROPICAL COUNTRIES 


BY J. C. BRANNER 


Published as pages 449 to 496 of this volume. 

The paper was discussed by E. W. Hilgard, with special reference to 
the “hog wallows” of Louisiana, which he considers may possibly have 
been caused by the action of ants, although believing that “hog wallows” 
in general—and especially in the west—are the products of wind action, 
erosion, etcetera. E. Kelsey also remarked that similar phenomena could 
be caused by the blowing down and uprooting of trees. 


TABLES FOR THE DETERMINATION OF CRYSTAL CLASSES 


BY W. 8. TANGIER SMITH 


Published as pages 731-736 of this volume. 


1This paper, in the absence of the author, was read and discussed by A. S. Eakle. 
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The meeting then adjourned for the noon recess. 


The afternoon session was called to order at 1.30 p. m., in room 22, 
South Hall, and the following papers were read and discussed : 


OCCURRENCE OF THE HALOGEN SALTS OF SILVER AT TONOPAH, NEVADA 
BY J. A. BURGESS AND A. 8, EAKLE 


NEW DEVELOPMENT AT THE MOUTH OF THE MISSISSIPPI 
BY E. W. HILGARD 


(Abstract) 


This refers to the uprising of a serious obstacle to navigation outside of the 
Eads jetties in the South Pass, which has been made the main outlet of the 
Mississippi and of navigation, on account of its being the only one of the 
Mississippi mouths showing no mud-lump activity. The author predicted, 
however, in 1869, that when the main current of the river was directed into the 
pass, such activity would begin within 20 to 30 years, as has now happened. 


CONTRIBUTION TO THE GEOLOGY OF EASTERN OREGON 
BY E. ICKES? 


(Abstract) 


A statement of the general stratigraphy and structural features of eastern 
Oregon, with a more detailed discussion of certain formations and structures 
specially studied during a recent field trip in the east central part of the State. 


CALIFORNIA EARTHQUAKES—A SYNTHETIC STUDY OF THE RECORDED 
SHOCKS 


BY H. 0. woop® 
(Abstract) 
A correlation of recorded shocks with the known faults of the region, and 


especially with those suspected to show recent activity. 


SECONDARY PSEUDOSTRATIFICATION IN SANTA BARBARA COUNTY, 
CALIFORNIA 


BY GEORGE D. LOUDERBACK 
(Abstract) 


There has developed in Tertiary friable massive sands an appearance of 
beds and of stratification planes, caused by secondary agencies acting at or 
near the surface. The appearance was described and illustrated and probable 
causes discussed. 


2 Introduced by George D. Louderback. 
*Introduced by George D. Louderback. 
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The paper was illustrated by specimens and lantern slides. Discussion 
by A. C. Lawson, H. F. Bain, and others. 
AGE OF THE RANCHO LA BREA BEDS NEAR LOS ANGELES 


BY JOHN C. MEBRIAM 


The paper was illustrated by lantern slides. 


The section then adjourned for the day. 


Session oF SaturDAY, MArcH 26 


The meeting was called to order at 9.20 a. m., in room 22, South Hall, 
and proceeded immediately to the reading of papers presented as follows: 
SUPPLEMENTARY NOTE ON THB ORGANIZATION OF THE GEOLOGICAL 
SOCIETY 


BY ©. H. HITCHCOCK 
Published as pages 741-746 of this volume. 


RECENT FAULTING IN OWENS VALLEY, CALIFORNIA 
BY WILLARD D. JOHNSON* 
(Abstract) 


The topography of Owens Valley is strikingly immature. It is complex 
with arrested works of gradation. Deformation has varied as to the type and 
the magnitude of its results, the seat of its action, and the periods of its recur- 
rence and gradation, continually modeling toward symmetry again, has made 
record of the diastrophic events. . 


This paper was illustrated by lantern slides and gave rise to many 
questions and general discussion. 


PARAGENESIS OF MINERALS 
BY AUSTIN F. ROGERS® 
(Abstract) 


Emphasized the interest and importance of the occurrence, association, and 
origin of minerals. Discussed the use of the term paragenesis. A university 
course along this line, in which paragenetic varieties of minerals are listed, 
correlates the fnets of mineralogy and petrography and serves as an introduc- 
tion to the study of ore deposits. 


*Introduced by George D. Louderback. 
5 Introduced by J. C. Branner. 
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RUBY CORUNDUM FROM CALIFORNIA ‘ 


RUBY CORUNDUM FROM SAN BERNARDINO COUNTY, CALIFORNIA 


BY GEORGE D, LOUDERBACK AND W. C. BLASDALE 
(Abstract) 


A hitherto undescribed locality recently called to the writer’s attention 
shows the occurrence of corundum as an igneous secretion followed by a his- 
tory of partial metamorphism, impregnation, brecciation, and weathering of 
the inclosing rocks. The mineral is in part automorphic, with very simple 
forms. The rock and its associations are described and analyses presented. 


The paper was illustrated by specimens. 


SOME TOPOGRAPHICAL FEATURES OF THE WESTERN SIDE OF THE COLORADO 
DESERT 


BY H. W. FAIRBANKS 
(Abstract) 


The San Jacinto Mountains send out a long spur southeastwardly into the 
western part of the Colorado Desert. This spur is known as the Santa Rosa 
Mountain. The accumulations of the desert appear to have been built up 
against the foot of this range as though it had undergone subsidence. 

An arm of the Colorado Desert reaches in behind the Santa Rosa Mountain, 
and this is known as the Borego Desert. At the western end of this desert, 
close under the steep scarp of the Peninsula range, there is an alkali sink evi- 
dently due to subsidence of the desert. 

At the end of the Santa Rosa Mountain, where the Borego Desert opens out 
into the main Colorado Desert, there are extensive beds of late Tertiary age. 
These have been folded slightly, and subsequently planed off. Then an uplift 
took place and another partial planation occurred. Finally the beds were 
dissected, and at their lower exposed margin eaten into by the waves of the 
ancient Salton Sea. 


SERPENTINES OF THE CENTRAL COAST RANGES OF CALIFORNIA 
BY H. E. KRAMM* 
(Abstract) 


The paper presented a brief history of the work done on the California ser- 
pentines. In particular it was a mineralogical and petrological description of 
serpentines and associated minerals in the central coast ranges of the State. 
The derivation of the serpentines from eruptive rocks was shown. 


The following papers were read by title: 


A NEW EROSION CYCLE IN THE GRAND CANYON DISTRICT, ARIZONA 


BY H. H. BOBINSON 


* Introduced by J. C. Branner. 
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CONDITIONS OF FOSSILIZATION 
GEOLOGY OF THE SANTA LUCIA RANGE, IN THE BIG SUR REGION 
BY J. CULVER HARTZELL 


The Secretary called attention to the fact that Mr. G. K. Gilbert, who 
had been elected a member of the section’s Executive Committee, had 
changed his residence from the Cordilleran region and was therefore not 
eligible to a section office. The section then elected H. Foster Bain as 
Councilor. 


REPRESENTATION ON THE COUNCIL 


Professor Eakle brought up the matter of representation of the Cor- 
dilleran Section in the Council of the general Society. It was pointed 
out that the Cordilleran Section had had a successful existence for ten 
years, and that on account of the distance of its members from the places 
of meeting of the general Society and its consequent isolation, it had had 
very little opportunity for taking any direct part in the councils of the 
general Society. It was voted unanimously that the section petition the 
Society that it be given a representative on the Council. 


RESOLUTION CONCERNING SEISMOLOGY 


Professor Lawson brought up the matter of the present condition of 
seismology in America and the proposed establishment by Congress of a 
National Bureau of Seismology. After a general discussion, it was voted 
that the Secretary be instructed to prepare and forward to the President 
and officers of Congress and the congressional committees now consider- 
ing the matter a set of resolutions embodying the unanimous opinion of 
the section favoring the establishment of such a bureau. The resolutions 
follow. 


Resolved, That the Cordilleran Section of the Geological Society of America 
favors strongly the establishment of a National Bureau of Seismology organ- 
ized under the Smithsonian Institution, with power 

(a) To collect seismological data. 

(b) To establish observing stations. 

(c) To study and investigate special earthquake regions within the national 
domain. 

(d) To cooperate with other scientific bodies and organizations and indi- 
vidual scientists in forwarding the development and dissemination of seismo- 
logical knowledge. 

It regards it of great importance that other scientific bureaus of the National 
Government, in particular the United States Weather Bureau and the United 


: 
‘ 
4 
J 
‘ 
‘ 
‘ 
%, 
‘ 


795 


States Geological Survey, be authorized by law to cooperate with this bureau 
in forwarding the purposes for which it may be established. 

Resolved, That copies of this resolution be transmitted to the President, 
the President of the Senate, the Speaker of the House of Representatives, and 
to members of the congressional committees now considering this matter. 


RESOLUTION CONCERNING SEISMOLOGY 


The section adjourned at noon sine die. 
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